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25 SYNTHESIS OF EPOTHILONES, 

INTERMEDIATES THFRETO. ANAI or.l JES AMD I KFS thfpe™ 

This application is based on U.S. Provisional Applications Serial Nos. 60/032,282, 
60/033,767, 60/047,566, 60/047,941, and 60/055,533, filed December 3, 1996, January 14, 
30 1997, May 22, 1997, May 29, 1997, and August 13, 1997, respectively, the contents of which 
are hereby incorporated by reference into this application. This invention was made with 
government support under grants CA-28824, CA-39821, CA-GM 72231, CA-62948, and AI0- 
9355 from the National Institutes of Health, and grant CHE-9504805 from the National 
Science Foundation. 
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Field of th e Invention 

The present invention is in the field of epothilone macrolides. In particular, 
the present invention relates to processes for the preparation of epothilones A and B, 
desoxyepothilones A and B, and analogues thereof which are useful as highly specific, non- 
toxic anticancer therapeutics. In addition, the invention provides methods of inhibiting 
multidrug resistant cells. The present invention also provides novel compositions of matter 
which serve as intermediates for preparing the epothilones. 

Throughout this application, various publications are referred to, each of 
which is hereby incorporated by reference in its entirety into this application to more fully 

4 5 describe the state of the art to which the invention pertains. 

BackerounH nf t he Invpntinn 

Epothilones A and B are highly active anticancer compounds isolated from 
the Mycobacteria of the genus Sorangium. The full structures of these compounds, arising * 

5 0 from an x-ray crystallography analysis were determined by Hofle. C. Hofle et a/., Angew. 

Chem. Int Ed. Engl., 1996, 35, 1 567. The total synthesis of the epothilones is an important 
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goal for several reasons. Taxol is already a useful resource in chemotherapy against ovarian 
and breast cancer and its range of clinical applicability is expanding. C.I. Ceorg et a/., 
Taxane Ant/cancer Agents; American Cancer Society: San Diego, 1995. The mechanism of 
the cytotoxic action of taxol, at least at the in vitro level, involves stabilization of microtubule 
assemblies. P.B. Schiff et a/., Nature (London), 1979, 277, 665. A series of complementary in 
wtro investigations with the epothilones indicated that they share the mechanistic theme of 
the taxoids, possibly down to the binding sites to their protein target. D.M. Bollag et ak 
Cancer Res., 1995, 55, 2325. Moreover, the epothilones surpass taxol in terms of cytotoxicity 
and far surpass it in terms of in vitro efficacy against drug resistant cells. Since multiple drug 
res,stance (MDR) is one of the serious limitations of taxol (L.M. Landino and T.L MacDonald 
■n The Chemistry and Pharmacology of Taxol and its Derivatives, V. Farin, Ed., Elsevier: New 
York, 1995, ch. 7, p. 301). any agent which promises relief from this problem merits serious 
attent.on. Furthermore, formulating the epothilones for clinical use is more straightforward 
than taxol. 

Accordingly, the present inventors undertook the total synthesis of the 
epothilones, and as a result, have developed efficient processes for synthesizing epothilones A 
and B, the corresponding desoxyepothilones, as well as analogues thereof. The present 
mvention also provides novel intermediates useful in the synthesis of epothilones A and B and 
analogues thereof, compositions derived from such epothilones and analogues purified 
compounds of epothilones A and B, and desoxyepothilones A and B, in addition to methods 
of use of the epothilone analogues in the treatment of cancer. Unexpectedly certain 
epothilones have been found to be effective not only in reversing multi-drug resistance in 
cancer cells, both in vitro and in vivo, but have been determined to be active as collateral 
sens,t,ve agents, which are more cytotoxic towards MDR cells than normal cells, and as 
synergistic agents, which are more active in combination with other cytotoxic agents, such as 
vmblastin, than the individual drugs would be alone at the same concentrations 
Remarkably, the desoxyepothilones of the invention have exceptionally high specificity as 
tumor cytotoxic agents in wVo, more effective and less toxic to norma, cells than the principal 
chemotherapeutics currently in use, including taxol, vinblastin, adriamycin and camptothecin. 

Summary of the mvpnt;^ 

One object of the present invention is to provide processes for the 
preparation of epothilones A and B, and desoxyepothilones A and B, and related compounds 
useful as anticancer therapeutics. Another object of the present invention is to provide 
various compounds useful as intermediates in the preparation of epothilones A and B as well 
as analogues thereof. 

A further object of the present invention is to provide synthetic methods for 
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preparing such intermediates. An additional object of the invention is to provide 
compositions useful in the treatment of subjects suffering from cancer comprising any of the 
analogues of the epothilones available through the preparative methods of the invention 
optionally in combination with pharmaceutical carriers. 
5 A further object of the invention is to provide methods of treating subjects 

suffering from cancer using any of the analogues of the epothilones available through the 
preparative methods of the invention optionally in combination with pharmaceutical carriers. 

10 Prief Description of th P n r *»,; nr 

Figure 1(A) shows a retrosynthetic analysis for epothilone A and B. 

figure 1(B) provides synthesis of compound 11. (a) t-BuMe 2 OTf, 2,6-lutidine, CH 2 CI 2 98%- 
(b) (1) DDQ, CH 2 CI/H 2 0, 89%; (2) (COCI) 2 , DMSO, CH 2 CI 2/ -78*C; then Et 3 N -78'C - rt 
15 90%; (c)MeOCH 2 PPh 3 CI, t-BuOK, THF, OX- rt/ 86%; (d) (1, p-TsOH, dioxane/H 2 0 50'C 
99%; (2) CH 3 PPh 3 Br, NaHMDS, PhCH 3/ 0'C- rt, 76%; (e) PhKOCOCFJ* MeOH/THF rt ' 
0.25 h, 92%. 
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Figure 2 provides key. intermediates in the preparation of 12,13-E- and -Z-deoxyepothilones. 

Figure 3(A) provides syntheses of key iodinated intermediates used to prepare 
hydroxymethylene- and hydroxypropylene-substituted epothilone derivatives. 

figure 3(B) provides methods of preparing hydroxymethylene- and hydroxypropylene- 
25 substituted epothilone derivatives, said methods being useful generally to prepare 12 13-f 
epothilones wherein R is methyl, ethyl, n-propyl, and n-hexyl from the corresponding f-vinyl 
iodides. 
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figure 3(B) shows reactions leading to benzoylated hydroxymethyl-substituted 
desoxyepothilone and hydroxymethylene-substituted epothilone (epoxide). 



figure 4(A) provides synthesis of compound 19. (a) DHP, PPTS, CH 2 CI 2 , rt: (b) (1) Me 3 SiCCLi 
BF 3 -OE t2 , THF, -78X; (2) MOMCI, ,-Pr 2 NEt, CI(CH 2 ) 2 CI, 55'C; (3) PPTS, MeOH, rt; (c) (1) 
(COCI) 2 , DMSO, CH 2 C! 2 , -78>C; then Et 3 N, -78'C- rt; (2) MeMgBr, Et 2 0, O'C- rt (3) TPAP 
35 NMO,4Amol. sieves, CH 2 CI 2 , 0 e C — rt; (d) 16, n-BuLi, THF, -78 0 C; then 15, THF, -78 B C — ' 

rt; (e) (!) N-iodosuccinimide, AgN0 3 , (CH 3 ) 2 CO; (2) Cy 2 BH, Et 2 0, AcOH; (0 (1) PhSH, 

BF 3 -OEt 2 , CH 2 CI 2 , rt; (2) Ac 2 0, pyridine, 4-DMAP, CH 2 CI 2 , rt. 



Figure 4(B) presents synthesis of compound 1. (a) 1 1, 9-BBN, THF, rt; then PdCI 2 (dppf) 2 , 
Cs 2 CO v Ph 3 As, H 2 0, DMF, 19, rt, 71 %; (b) p-TsOH, dioxane/H 2 0 / 50°C; (c) KHMDS, THF, - 
78°C, 51 %; (d) (1) HF-pyridine, pyridine, THF, rt, 97%; (2) t-BuMe 2 SiOTf, 2,6-lutidine, 
CH 2 CI 2 , -25°C, 93%; (3) Dess-Martin periodinane, CH 2 CI 2 , 87%; (4) HF-pyridine, THF, rt, • 
99%; (e) dimethyldioxirane, CH 2 CI 2 , 0.5 h, -50°C, 45% (*20: 1). 

Figure 5 shows a scheme of the synthesis of the "left wing* of epothilone A. 

Figure 6 provides a scheme of an olefin metathesis route to epothilone A and other analogues. 

Figure 7 illustrates a convergent strategy for a total synthesis of epothilone A (1) and the glycal 
cyclopropane solvolysis strategy for the introduction of geminal methyl groups. 

Figure 8 provides an enantioselective synthesis of compound 15B. 

Figure 9 shows the construction of epothilone model systems 20B, 21 B, and 22B by ring- 
closing olefin metathesis. 

Figure 10 illustrates a sedimentation test for natural, synthetic and desoxyepothilone A. 

Figure 1 1 illustrates a sedimentation test for natural, synthetic and desoxyepothilone A after 
cold treatment at4°C. 

Figure 12 illustrates (A) structures of epothilones A (1) and B (2) and (B) of Taxol™ (1A). 

Figure 13 shows a method of elaborating acyclic stereochemical relationships based on 
dihydropyrone matrices. 

Figure 14 shows the preparation of intermediate 4A. 

Figure 15 shows an alternative enantioselective synthesis of compound 17A. 

Figure 16 provides a synthetic pathway to intermediate 13C. (a) 1. tributyl allyltin, (5)-(-)- 
BINOL, Ti(0/-Pr) 4 , CH 2 CI 2 /-20 °C, 60%, >95% e.e.; 2. Ac 2 0, Et 3 N, DMAP, CH 2 CI 2 , 95%; (b) 
1. Os0 4 , NMO, acetone/H 2 0, 0°C; 2. NaIO<, THF/H 2 0; (c) 12, THF, - 20 °C, Z isomer only, 
25% from 10; (d) Pd(dppf) 2 , Cs 2 C0 3 , Ph 3 As H 2 0, DMF, rt. 77%. 



Figure 17 provides a synthetic pathway to. intermediate epothilone B (2). (a) p-TsOH, 
dioxane/H 2 0, 55 "C, 71%; (b) KHMDS, THF, -78 °C, 67%, a/B: 1.5:1; (c) Dess-Martin 
periodinane, CH 2 C\j (d) NaBH 4 , MeOH, 67% for two steps; (e) 1. HF-pyridine, pyridine, 
THF, rt, 93%; 2. TBSOTf, 2,6-lutidine, CH 2 CI 2 , -30 °C, 89%; 3. Dess-Martin periodinane, 
CHjCl^ 67%; (f) HF-pyridine, THF, rt, 80%; (g) dimethyldioxirane, CHjCI^ -50 8 C, 70%. 

Figure 18 provides a synthetic pathway to a protected intermediate for 8-desmethyl 
deoxyepothilone A. 

Figure 19 provides a synthetic pathway to 8-desmethyl deoxyepothilone A, and structures of 
trans-8-desmethyl-desoxyepothiolone A and a trans-iodoolefin intermediate thereto. 

Figure 20 shows (top) structures of epothilones A and B and 8-desmethylepothilone and 
(bottom) a synthetic pathway to intermediate TBS ester 10 used in the preparation of 
desmethylepothilone A. (a) (Z)-Crotyl-B[(.-)-lpc] 2 , -78 °C, Et 2 0, then 3N NaOH, 30% H 2 0 2 ; (b) 
TBSOTf, 2,6-lutidine, CH 2 CI 2 (74% for two steps, 87% ee); (c) 0 3 , CH 2 CI 2 /MeOH, -78°C, 
then DMS, (82%); (d) t-butyl isobutyryl acetate, NaH, Buli, 0 & C, then 6 (60%, 10:1); (e) 
Me,NBH(OAc)j, -10 e C (50%, 10:1 o/p) or NaBH 4/ MeOH, THF, 0 e C, (88%, 1:1 o/p); (0 
TBSOTf, 2,6-lutidine, -40°C, (88%); (g) Dess-Martin periodinane, (90%); (h) Pd(OH) 2 , H 2 , 
EtOH (96%); (I) DMSO, oxalyl chloride, - CH 2 CI 2 , -78°C (78%); (j) Methyl 
triphenylphosphonium bromide, N a HMDS, THF, 0°C (85%); (k) TBSOTf, 2,6-lutidine, 
CH 2 CI 2 , rt (87%). 

Figure 21 shows a synthetic pathway to 8-desmethylepothilone A. (a) Pd(dppf) 2 CI 2 , Ph 3 As, 
Cs 2 C0 3 , H 2 0, DMF, rt (62%); (b) K 2 COj, MeOH, H 2 0 (78%); (c) DCC, 4-DMAP,> 
DMAP HO, CHCI 3 (78%); (d) HF-pyr, THF, rt (82%), (e) 3,3-dimethyl dioxirane, CH 2 CI 2 , 
-35°C(72%, 1.5:1). 

Figure 22 shows a synthetic pathway to prepare epothilone analogue 27D. 
Figure 23 shows a synthetic pathway to prepare epothilone analogue 24D. 
Figure 24 shows a synthetic pathway to prepare epothilone analogue 19D. 
Figure 25 shows a synthetic pathway to prepare epothilone analogue 20D. 



Figure 26 shows a synthetic pathway to prepare epothilone analogue 22D. 
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Rgure 27 shows a synthetic pathway to prepare epothilone analogue 12-hydroxy ethyl- 
epothilone. 

Figure 28 shows the activity of epothilone analogues in a sedimentation test in comparison 
5 with DMSO, epothilone A and/or B. Structures 17-20, 22, and 24-27 are shown in Figures 
29-37, respectively. Compounds were added to tubulin (1 mg/ml) to a concentration of 10 
//M. The quantity of microtubules formed with epothilone A was defined as 100%. 

Figure 29 shows a high resolution *H NMR spectrum of epothilone analogue #17. 

10 

Figure 30 shows a high resolution *H NMR spectrum of epothilone analogue #18. 
Figure 31 shows a high resolution 'H NMR spectrum of epothilone analogue #19. 
15 Figure 32 shows a high resolution 'H NMR spectrum of epothilone analogue #20. 
Figure 33 shows a high resolution 7 H NMR spectrum of epothilone analogue #22. 
Figure 34 shows a high resolution 'H NMR spectrum of epothilone analogue #24. 

20 

Figure 35 shows a high resolution 'H NMR spectrum of epothilone analogue #25. 

Figure 36 shows a high resolution } H NMR spectrum of epothilone analogue #26. 

25 Figure 37 shows a high resolution 'H NMR spectrum of epothilone analogue #27. 

Figure 38 provides a graphical representation of the effect of fractional combinations of 
cytotoxic agents. 

3 0 Figure 39 shows epothilone A and epothilone analogues #1-7. Potencies against human 
leukemia CCRF-CEM (sensitive) and CCRF-CEM/VBL MDR (resistant) sublines are shown in 
round and square brackets, respectively. 

Figure 40 shows epothilone B and epothilone analogues #8-16. Potencies against human 
3 5 leukemia CCRF-CEM (sensitive) and CCRF-CEMA^BL MDR (resistant) sublines are shown in $ 
round and square brackets, respectively. 



figure 41 shows epothilone analogues #17-25. Potencies against human leukemia CCRF-CEM 
(sensitive) and CCRF-CEM/VBL MDR (resistant) sublines are shown in round and square 
brackets, respectively. 

figure 42(A) shows epothilone analogues #26-34. Potencies against human leukemia CCRF- 
CEM (sensitive) and CCRF-CEM/VBL MDR (resistant) sublines are shown in round and square 
brackets, respectively. 

figure 42(B) shows epothilone analogues #35-46.Potencies against human leukemia CCRF- 
CEM (sensitive) and CCRF-CEM/VBL MDR (resistant) sublines are shown in round and square 
brackets, respectively. 

Figure 42(Q shows epothilone analogues #47-49. 

Figure 43(A) shows antitumor activity of desoxyepothilone B against MDR MCF-7/Adr 
. xenograft in comparison with taxol. Control (♦); desoxyepothilone B (■; 35mg/kg); taxol (±; . 
6mg/kg); adriamycin (x;1.8mg/kg); i.p. Q2Dx5; start on day 8. 

Figure 43(B) shows antitumor activity of epothilone B against MDR MCF-7/Adr xenograft in 
comparison with taxol. Control (♦); epothilone B (■; 25mg/kg; non-toxic dose); taxol (*; 
6mg/kg; half LD S0 ); adriamycin (x;1.8mg/kg); i.p. Q2Dx5; start on day 8. 

Figure 44(A) shows toxicity of desoxyepothilone B in B6D2F, mice bearing B1 6 melanoma. 
Body weight was determined at 0, 2, 4, 6, 8, 10 and 1 2 days. Control (±); desoxyepothilone B 
(*; 1 0mg/kg QDx8; 0 of 8 died); desoxyepothilone B (•; 20mg/kg QDx6; 0 of 8 died). 
Injections were started on day 1 . 

Figure 44(B) shows toxicity of epothilone B in B6D2F, mice bearing Bl 6 melanoma. Body 
weight was determined at 0, 2, 4, 6, 8, .10 and 12 days. Control (±); epothilone B (°; 0.4mg/kg 
QDx6; T of 8 died of toxicity); epothilone B (•; 0.8mg/kg QDx5; 5 of 8 died). Injections were 
started on day 1 . 

Figure 45(A) shows comparative therapeutic effect of desoxyepothilone B and taxol on nude 
mice bearing MX-1. xenoplant. Tumor, s.c; drug administered i.p., Q2Dx5, start on day 7. 
control (♦); Taxol (□; 5mg/kg, one half of LD 50 ); desoxyepothilone B (a; 25mg/kg; nontoxic 
dose). 
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Figure 45(B) shows comparative therapeutic effect of desoxyepothilone B and taxol on nude 
mice bearing MX-1 xenoplant. Tumor, s.c; drug administered i.p., Q2Dx5, start on day 7. 
control (♦); Taxol (□; 5mg/kg, one half of ID 50/ given on days 7, 9, 1 1, 13, 1 5; then 6 mg/kg, - 
given on days 1 7. 1 9, 23, 24,' 25); desoxyepothilone B (n - 3; a, x, *; 25mg/kg, nontoxic 
5 dose, given to three mice on days 7, 9, 1 1 , 1 3, 1 5; then 35 mg/kg, given on days 1 7. 1 9, 23, 
24, 25). 

Figure 46 shows the effect of treatment with desoxyepothilone B (35 mg/kg), taxol (5 mg/kg) 
and adriamycin (2mg/kg) of nude mice bearing human MX-1 xenograft on tumor size between 
10 8 and 18 days after implantation. Desoxyepothilone B (o), taxol (a), adriamycin (X), control 
(♦); i.p. treatments were given on day 8, 10, 12, 14 and 16. 

Figure 47 shows the relative toxicity of eppthilone B (□; 0.6 mg/kg QDx4; i.p.) and 
desoxyepothilone B (a; 25 mg/kg QDx4; i.p.) versus control (♦) in normal nude mice. Body 
15 weight of mice was determined daily after injection. For epothilone B, 8 of 8 mice died of 
toxicity on days 5, 6, 6, 7, 7, 7, 7, and 7; for desoxyepothilone B, all six mice survived. 

Figure 48 shows a high resolution *H NMR spectrum of epothilone analogue #43. 

2 0 Figure 49 shows a high resolution n H NMR spectrum of epothilone analogue #45. 

Figure 50 shows a high resolution 'H NMR spectrum of epothilone analogue #46. 
Figure 51 shows a high resolution 'H NMR spectrum of epothilone analogue #47. 

25 

Figure 52 shows a high resolution 'H NMR spectrum of epothilone analogue #48. 

Petailed Description of the Invention 

3 0 As used herein, the term "linear or branched chain alkyl" encompasses, but 

is not limited to, methyl, ethyl, propyl, isopropyl, t-butyl, sec-butyl, cyclopentyl or cyclohexyi. 
The alkyl group may contain one carbon atom or as many as fourteen carbon atoms, but 
preferably contains one carbon atom or as many as nine carbon atoms, and may be 
substituted by various groups, which include, but are not limited to, acyl, aryl, alkoxy, 
3 5 aryloxy, carboxy, hydroxy, carboxamido and/or N-acylamino moieties. % 
As used herein, the terms "alkoxycarbonyl", 'acyl" and 'alkoxy" encompass, 
but are not limited to, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, n- 
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butoxycarbonyl, benzyloxycarbonyl, hydroxypropylcarbonyl, aminoethoxycarbonyl, sec- 
butoxycarbonyl and cyclopentyloxycarbonyl. Examples of acyl groups include, but are not 
limited to, formyl, acetyl, propionyl, butyryl and penanoyl. Examples of alkoxy groups 
include, but are not limited to, methoxy, ethoxy, propoxy, n-butoxy, sec-butoxy and 
5 cyclopentyloxy. 

As used herein, an 'aryl" encompasses, but is not limited to, a phenyl, 
pyridyl, pyrryl, indolyl, naphthyl, thiophenyl or furyl group, each of which may be substituted 
by various groups, which include, but are not limited, acyl, aryl alkoxy, aryloxy, carboxy, 
hydroxy, carboxamido or N-acylamino moieties. Examples of aryloxy groups include, but are 
10 not limited to, a phenoxy, 2-methyIphenoxy, 3-methylphenoxy and 2-naphthoxy. Examples 
of acyloxy groups include, but are not limited to, acetoxy, propanoyloxy, butyryloxy, 
pentanoyloxy and hexanoyloxy. 

The subject invention provides chemotherapeutic analogues of epothilone A 
and B, including a compound having the structure: 

15 




wherein R, R 0 , and R' are independently H, linear or branched chain alkyl, optionally 
substituted by hydroxy, alkoxy, fluorine, NR,R 2 , N-hydroximino, or N-alkoxyimino, wherein 

20 R, and R 2 are independently H, phenyl, benzyl, linear or branched chain alkyl; wherein R" is 
-CHY«CHX, or H, linear or branched chain alkyl, phenyl, 2-methyI-l,3-thiazolinyl, 2-furanyl, 
3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2~methyl-1,3-oxazolinyl, 3- 
indolyl or 6-indolyl; and wherein X is H, linear or branched chain alkyl, phenyl, 2-methyM,3- 
thiazolinyl, 2-furanyl, 3-furanyl, 4-furanyI, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2- 

25 methyl-l,3-oxazolinyl, 3-indolyl or 6-indolyl; wherein Y is H or linear or branched chain 
alkyl; wherein Z is O, N(OR 3 ) or N-NR 4 R 5 , wherein R 3 , R 4 and R 5 are independently H or a 
linear or branched alkyl; and wherein n is 0, 1, 2, or 3. In one embodiment, the invention 
provides the compound having the structure: 
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wherein R is H, methyl, ethyl, n-propyl, n-butyl, n-hexyl, CH 2 OH, or (CH 2 ) 3 OH. 

The invention also provides a compound having the structure: 




wherein R, Rq, and R' are independently H, linear or branched chain alkyl, optionally 
substituted by hydroxy, alkoxy, fluorine, NR,R 2 , N-hydroximino, or N-alkoxyimino, wherein 
R, and R 2 are independently H, phenyl, benzyl, linear or branched chain alkyl; wherein R" is 
-CHY-CHX, or H, linear or branched chain alkyl, phenyl, 2-methyl-1,3-thiazolinyl, 2-furanyl, 
3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2-methyl-1,3-oxazolinyl, 3- 
indolyl or 6-indolyI; and wherein X is H, linear or branched chain alkyl, phenyl, 2-methyl-1,3- 
thiazolinyl, 2-furanyl, 3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2- 
methyl-1,3-oxazolinyl, 3-indoIyl or 6-indolyl; wherein Y is H or linear or branched chain 
alkyl; wherein Z is O, N(ORJ or N-NR 4 R 5 , wherein R y/ R 4 and R 5 are independently H or a 
linear or branched chain alkyl; and wherein n is 0, 1, 2, or 3. In a certain embodiment, the 
invention provides a compound having the structure: 
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wherein R is H, methyl, ethyl, n-propyl, n-butyl, n-hexyl or CH 2 OH. 

In addition, the invention provides a compound having the structure: 



5 




wherein R, Rq, and R' are independently H, linear or branched chain alkyl, optionally 
substituted by hydroxy, alkoxy, fluorine, NR,R 2 , N-hydroximino, or N-alkoxyimino, wherein 

10 R, and R 2 are independently H, phenyl, benzyl, linear or branched chain alkyl; wherein R* is 
-CHY-CHX, or H, linear or branched chain alkyl, phenyl, 2-methyl-*l,3-thiazolinyl, 2-furanyl, 
3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2-methyM,3-oxazolinyl, 3- 
indolyl or 6-indolyI; and wherein X is H, linear or branched chain alkyl, phenyl, 2-methyI-1,3- 
thiazolinyl, 2-furanyl, 3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2- 

15 methyl-1,3-oxazolinyl, 3-indolyl or 6-indolyl; wherein Y is H or linear or branched chain 
alkyl; wherein Z is O, N(ORj) or N-NR 4 R 5 , wherein R 3 , R 4 and R 5 are independently H or a 
linear or branched chain alkyl; and wherein n is 0, 1, 2, or 3. In particular, the invention 
provides a compound having the structure: 
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wherein R is H, methyl, ethyl, n-propyl, n-butyl, CH 2 OH or (CH^OH. 

The invention further provides a compound having the structure: 




wherein R, Rq and R' are independently H, linear or branched chain alkyl, optionally 
substituted by hydroxy, alkoxy, fluorine, HR,R 2 , N-hydroximino or N-alkoxyimino, wherein 
R, and R 2 are independently H, phenyl, benzyl, linear or branched chain alkyl; wherein R" is 
-CHY-CHX, or H, linear or branched chain alkyi; phenyl, 2-methyM,3-thiazolinyl, 2-furanyl, 
3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2-methyM,3-oxazolinyl, 3- 
indolyl or 6-indolyl; and wherein X is H, linear or branched chain alkyl, phenyl, 2-methyl-l,3- 
thiazolinyl, 2-furanyl, 3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2- 
methyl-1,3-oxazolinyl, 3-indolyl or 6-indolyl; wherein Y is H or tinear or branched chain 
alkyl; wherein Z is O, NKORJ or N-NR 4 R 5 , wherein R 3 , R 4 and R 5 are independently H or a 
linear or branched chain alkyl; and wherein n is 0, 1, 2 or 3. 

The invention also provides a compound having the structure: 
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The subject invention also provides various intermediates useful for the 
preparation of the chemotherapeutic compounds epithilone A and B, as well as analogues 
5 thereof. Accordingly, the invention provides a key intermediate to epothilone A and its 
analogues having the structure: 




R" 




10 ■ wherein R is hydrogen, a linear or branched acyl, substituted or unsubstituted aroyl or 

benzoyl; wherein R' is hydrogen, methyl, ethyl, n-propyl, n-hexyl, 

CH 2 OTBSor (CH 2 ) 3 -OTBDP5; and X is a halide. In one embodiment, the subject 
invention provides a compound of the above structure wherein R is acetyl and X is iodo. 

The subject invention also provides an intermediate having the structure: 
OR OR" X 




wherein R* and R" are independently hydrogen, a linear or branched alkyl, substituted or 
2 0 unsubstituted aryl or benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a | inear or branched 
acyl, substituted or unsubstituted aroyl or benzoyl; wherein X is oxygen, (OR) 2 , (5R) 2/ -(O- 
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(CH 2 ) n -Oh -(0-«:H 2 ) n -S>- or -(S-(CH 2 ) ft -S)-; and wherein n is 2, 3 or 4. 




wherein R is H or methyl. 
5 Another analogue provided by the invention has the structure: 




wherein R is H, methyl, ethyl, n-propyl, n-butyl, n-hexyl, CH 2 OH, or (CH 2 ) 3 OH.. 

Additionally, the subject invention provides an analogue having the 

10 structure: 
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wherein R is H or methyl. The scope of the present invention includes compounds wherein 
the C s carbon therein possesses either an R or S absolute configuration, as well as mixtures 



thereof. 



5 the structure: 



The subject' invention further provides an analogue of epothilone A having 




The subject invention also provides synthetic routes to prepare the 
intermediates for preparing epothilones. Accordingly, the invention provides a method of 
1 0 preparing a Z-iodoalkene ester having the structure: 



15 



20 



25 




wherein R is hydrogen, a linear or branched alkyl, klkoxyalkyl, substituted or unsubstituted 
aryloxyalkyl, linear or branched acyl, substituted or unsubstituted aroyl or benzoyl, which 
comprises (a) coupling a compound having the structure: 




with a methyl ketone having the structure: 

R"0 H 




SiR* 3 
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wherein R' and R" are independently a linear or branched alkyl, alkoxyalkyl, substituted 
or unsubstituted aryl or benzyl, under suitable conditions to form a compound having the 



(b) treating the compound formed in step (a) under suitable conditions to form a Z-iodoalkene 
having the structure: 



and (c) deprotecting and acylating the Z-iodoa!kene formed in step (b) under suitable 
conditions to form the Z-iodoalkene ester. The coupling in step (a) may be effected using a 
strong base such as n-BuLi in an inert polar solvent such as tetrahydrofuran (THF) at low 
temperatures, typically below -50 °C, and preferably at-78 e C. The treatment in step (b) may 
comprise sequential reaction with N-iodosuccinimide in the presence of Ag(I), such as silver 
nitrate, in a polar organic solvent such as acetone, followed by reduction conditions, typically 
using a hydroborating reagent, preferably using Cy 2 BH. Deprotecting step (c) involves 
contact with a thiol such as thiophenol in the presence of. a Lewis acid catalyst, such as boron 
trifluoride-etherate in an inert organic solvent such as dichloromethane, followed by acylation 
with an acyl halide, such as acetyl chloride, or an acyl anhydride, such as acetic anhydride in ^ 
the presence of a mild base such as pyridine and/or 4-dimethyaminopyridine (DMAP) in an 
inert organic solvent such as dichloromethane. 



structure: 




•OR" 
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The subject invention also provides a method of preparing a Z-haloalkene 



ester having the structure: 




wherein R is hydrogen, a linear or branched alkyl, alkoxyalkyl, substituted or unsubstituted 
aryloxyalkyl, linear or branched acyl, substituted or unsubstituted aroyl or benzoyl; and 
wherein X is a halogen, which comprises (a) oxidatively cleaving a compound having the 



under suitable conditions to form an aldehyde intermediate; and (b) condensing the aldehyde 
intermediate with a halomethylene transfer agent under suitable conditions to form the Z- 
haloalkene ester. In one embodiment of the method, X is iodine. In another embodiment, the 
method is practiced wherein the halomethylene transfer agent is Ph 3 P-CHI or (Ph 3 P + CH 2 l)l\ 
Disubstituted olefins may be prepared using the haloalkylidene transfer agent Ph 3 P«CR'l, 
wherein R' is hydrogen, methyl, ethyl, n-prop- 

yl, n-hexyl, \ , c °2& or (CH 2 ) 3 OTBDPS. The oxidative step (a) can be 

performed using a mild oxidant such as osmium tetraoxide at temperatures of about 0 D C, 
followed by treatment with sodium periodate, or with lead tetraacetate/sodium carbonate, to 
complete the cleavage of the terminal olefin, and provide a terminal aldehyde. Condensing 
step (b) occurs effectively with a variety of halomethylenating reagents, such as Wittig 
reagents. 



structure: 




-18- 



10 



The subject invention further provides a method of preparing an optically 
pure compound having the structure: 

-ft 




5 wherein R is hydrogen, a linear or branched alkyl, alkoxyalkyl, substituted or unsubstituted 
aryloxyalkyl, linear or branched acyl, substituted or unsubstituted aroyl or benzoyl, which 
comprises: (a) condensing an allylic organometallic reagent with an unsaturated aldehyde 
having the structure:' 




under suitable conditions to form an alcohol, and, optionally concurrently therewith, optically 
resolving the alcohol to form an optically pure alcohol having the structure: 




OH . 



15 (b) alkylating or acylating the optically pure alcohol formed in step (a) under suitable 

conditions to form the optically pure compound. In one embodiment of the method, the 
allylic organometallic reagent is an allyl(trialkyl)stannane. In another embodiment, the 
condensing step is effected using a reagent comprising a titanium tetraalkoxide and an 
optically active catalyst In step (a) the 1,2-addition to the unsaturated aldehyde may be 

2 0 performed using a variety of allylic organometallic reagents, typically with an 
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allyltrialkylstannane, and preferably with allyltri-n-butylstannane, in the presence of chiral 
catalyst and molecular sieves in an inert organic solvent such as dichloromethane. Preferably, 
the method may be practiced using titanium tetraalkoxides, such as titanium tetra-n- 
propoxide, and S-(-)BINOLas the optically active catalyst Alkylating or acylating step (b) is 
effected using any typical alkylating agent, such as alkyihalide or alkyl tosylate, alkyl Inflate or 
alkyl mesylate, any typical acylating agent, such as acetyl chloride, acetic anhydride, benzoyl 
chloride or benzoyl, anhydride, in the presence of a mild base catalyst in an inert organic 
solvent, such as dichloromethane. 

The subject invention also provides a method of preparing an open-chain 

aldehyde having the structure: 




wherein R' and R" are independently hydrogen, a linear or branched alkyl, substituted or 
unsubstituted aryl or benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a linear or branched 
acyl, substituted or unsubstituted aroyl or benzoyl, which comprises: (a) cross-coupling a 
haloolefin having the structure: 




wherein R is a linear or branched alkyl, alkoxyalkyl, substituted or unsubstituted aryloxyalkyl, 
trialkylsilyl, aryldialkylsilyl, diarylalkylsilyl, triarylsilyl, linear or branched acyl, substituted or 
unsubstituted aroyl or benzoyl, and X is a halogen, with a terminal olefin having the structure: 
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OR OR" 




CH(OR" , ) 2 



wherein (OR'") 2 is (OR^ (SRo> 2 , -(CMCH 2 )„-0)-, -<CMCH 2 ) n -S>- or -(!*CH 2 ) n -S)- where R, is a 
linear or branched alkyl, substituted or unsubstituted aryl or benzyl; and wherein n is 2, 3 or 
4, under suitable conditions to form a cross-coupled compound having the structure: 




wherein Y is CH(OR*) 2 where R* is a linear or branched alkyl, alkoxyalkyl, substituted or 
10 unsubstituted aryloxyalkyl; and (b) deprotecting the cross-coupled compound formed in step 
(a) under suitable conditions to form the open-chain compound. Cross-coupling step (a) is 
effected using reagents know* in the art which are suited to the purpose. For example, the 
process may be carried out by hydroborating the pre-acyl component with 9-BBN. The 
resulting mixed borane may then be cross-coupled with an organometallic catalyst such as 
15 PdCI 2 (dppf) 2 , or any known equivalent thereof, in the presence of such ancillary reagents as 
cesium carbonate and triphenylarsine. Deprotecting step (b) can be carried out with a mild 
acid catalyst such as p-tosic acid, and typically in a mixed aqueous organic solvent system, 
such as dioxane-water. The open-chain compound can be cyclized using any of a variety of 
non-nucleophilic bases, such as potassium hexamethyldisilazide or lithium diethyamide. 
20 The subject invention also provides a method of preparing an epothilone 

having the structure: 



which comprises: (a) deprotecting a cyclized compound having the structure: 
5 S> 




wherein R* and R" are independently hydrogen, a linear or branched alkyl, substituted or 
^substituted aryl or benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a linear or branched 
acyl, substituted or unsubstituted aroyl or benzoyl, under suitable conditions to form a 
1 0 deprotected cyclized compound and oxidizing the deprotected cyclized compound under 
suitable conditions to form a desoxyepothilone having the structure: 
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and (b) epoxidizing the desoxyepothilone formed in step (a) under suitable conditions to form 
the epothilone. Deprotecting step (a) is effected using a sequence of treatments comprising a 
catalyst such as HF-pyridine, followed by t-butyldimethylsilyl triflate in the presence of a base 
such as lutidine. Dess-Martin oxidation and further deprotection with a catalyst such as HF- 
pyridine provides the desoxyepothilone. The latter compound can then be epoxidized in step 
(b) using any of a variety of epoxidizing agents, such acetic peracid, hydrogen peroxide, 
perbenzoic acid, m-chloroperbenzoic acid, but preferably with dimethyldioxirane, in an inert 
organic solvent such as dichloromethane. 

The subject invention further provides a method of preparing an epothilone 

precursor having the structure: 



ORo 




wherein R, is hydrogen or methyl; wherein X is O, or a hydrogen and OR' ', each singly 
bonded to carbon; and wherein R^ R' and R' ' are independently hydrogen, a linear or 
branched alky], substituted or unsubstituted aryl or benzyl, trialkylsilyl, dialkylarylsilyl, 
alkyldiarylsilyl, a linear or branched acyl, substituted or unsubstituted aroyl or benzoyl, which 
comprises (a) coupling a compound having the structure: 
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R 



wherein R is an acetyl, with an aldehyde having the structure: 

OR X 




Ri 



5 

wherein Y is oxygen, under suitable conditions to form an aldol intermediate and optionally 



(b) subjecting the acyiic epothilone precursor to conditions leading to intramolecular olefin 
metathesis to form the epothilone precursor. In one embodiment of the method, the 
conditions leading to intramolecular olefin metathesis require the presence of an 

15 organometallic catalyst In a certain specific embodiment of the method, the catalyst contains 
Ru or Mo. The coupling step (a) may be effected using a nonnucleophilic base such as 
lithium diethylamide or lithium diisopropylamide at subambient temperatures, but preferably 
at about -78°C The olefin metathesis in step (b) may be carried out using any catalyst known 
in the art suited for the purpose, though preferably using one of Grubbs's catalysts. ^ 

20 In addition, the present invention provides a compound useful as an 

intermediate for preparing epothilones having the structure: 



protecting the aldol intermediate under suitable conditions to form an acyclic epthilone 
precursor having the structure: 





PR 0 



10 




wherein R' and R" are independently hydrogen, a linear or branched alkyl, substituted or 
unsubstituted aryl or benzyl, trialkylsilyl, dialkylarylsilyt, alkyldiarylsilyl, a linear or branched 
acyl, substituted or unsubstituted aroyl or benzoyl; wherein X is oxygen, (OR*) 2 , (SR*) 2 , -(O 
(CH 2 ) n -OK -(0-(CH 2 ) n -S)- or -<S-(CH 2 VS)-; wherein R* is a linear or branched alkyl, 
substituted or unsubstituted aryl or benzyl; wherein R 2 B is a linear, branched or cyclic 
boranyl moiety; and wherein n is 2, 3 or 4. In certain embodiments, the invention provides 
the compound wherein R' is TBS, R" is TPS and X is (OMe) 2 . A preferred example of R 2 B is 

derived from 9-BBN. 

The invention also provides the compound having the structure: 




OR 



wherein R' and R" are independently hydrogen, a linear or branched alkyl, substituted or 
unsubstituted aryl or benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a linear or branched 
acyl, substituted or unsubstituted aroyl or benzoyl; wherein X is oxygen, {OR) 2 , (SR) 2 , -(O- 
(CH 2 )„-0)-, -(0-(CH 2 ) n -S)- or -(S-(CH 2 ) n -S)-; and wherein n is 2, 3 or 4. In certain 
embodiments, the invention provides the compound wherein R' is TBS, R" is TPS and X is 
(OMe) 2 . 

The invention further provides a desmethylepothilone analogoue having the 

structure: 
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wherein R is H or methyl. 

The invention provides a compound having the structure: 




wherein R is H or methyl. 

The invention also provides a trans-desmethyldeoxyepothilone analogue 

having the structure: 
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wherein R is H or methyl. 

The invention also provides a trans-epothilone having the structure: 




5 wherein R is H or methyl. 

The invention also provides a compound having the structure: 




OR 



1 0 wherein R is hydrogen, a linear or branched alkyl, alkoxyalkyl, substituted or unsubstituted 
aryloxyalkyl, linear or branched acyl, substituted or unsubstituted aroyl or benzoyl; wherein 

R' is hydrogen, methyl, ethyl, n-propyl, n-hexyl, ^ ") . C0 2 Et or (CH 2 ) 3 OTBDPS. 




and X is a halogen. In certain embodiments, the invention provides the compound wherein 

R is acetyl and X is iodine. 
1 5 The invention additionally provides a method of preparing an open-chain 

aldehyde having the structure: 
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wherein R is a linear or branched alkyl, alkoxyalkyl, substituted or unsubstituted aryloxyalkyl, 
trialkylsilyl, aryldialkylsilyl, diarylalkylsilyl, triarylsilyl, linear or branched acyl, substituted or 
unsubstituted aroyl or benzoyl; and wherein R' and R" are independently hydrogen, a linea 
or branched alkyl, substituted or unsubstituted aryl or benzyl, trialkylsilyl, dialkylarylsilyl, 
allcyldiarylsilyl, a linear or branched acyl, substituted or unsubstituted aroyl or benzoyl, whicr 
comprises: 

(a) cross-coupling a haloolefin having the structure: 



wherein R' 2 B is a linear, branched or cyclic alkyl or substituted or unsubstituted aryl or benzyl 
boranyl moiety; and wherein Y is (OR.),, (SR^, -(0-(CH 2 ) n -0)-, -(0-(CH 2 ) n -S)- or -(5-(CH 2 ) n -S)- 
where R„ is a linear or branched alkyl, substituted or unsubstituted aryl or benzyl; and 
wherein n is 2, 3 or 4, under suitable conditions to form a cross-coupled compound having 




wherein X is a halogen, with a terminal borane having the structure: 

OR' OR" Y 




H 
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the structure: 
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and 

(b) deprotecting the cross-coupled compound formed in step (a) under suitable conditions to 
form the open-chain aldehyde. In certain embodiments, the invention provides the method 
wherein R is acetyl; R' is TBS; R" is TPS; R* 2 B is derived from 9-BBN; and Y is (OMe) 2 . 
Cross-coupling step (a) is effected using reagents known in the art which are suited to the 
purpose. For example, the mixed borane may be cross-coupled with an organometallic 
catalyst such as PdCI 2 (dppf) 2 , or any known equivalent thereof, in the presence of such 
reagents as cesium carbonate and triphenylarsine. Deproteding step (b) can be carried out 
using a mild acid catalyst such as p-tosic acid, typically in a mixed aqueous organic solvent 

system, such as dioxane-water. 

The invention also provides a method of preparing a protected epothilone 

having the structure: 




2 0 wherein R ' and R " are independently hydrogen, a linear or branched alkyl, substituted or 
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unsubstituted aryl or benzyl, trialkykM dialkyl-arylsilyl, alkyldiarylsilyl, a linear or branched 
acyl, substituted or unsubstituted aroyl or benzoyl, which comprises: 
(a) monoprotecting a cyclic diol having the structure: 



10 




under suitable conditions to form a cyclic alcohol having the structure: 



OR" 




and 



(b) oxidizing the cyclic alcohol formed in step (a) under suitable conditions to form the 
protected epothilone. In certain embodiments, the invention provides the method wherein R' 
and R" are TBS. The monoprotecting step (a) may be effected using any of a variety of 

15 suitable reagents, including TBSOTf in the presence of a base in an inert organic solvent. The 
base may be a non-nucleophilic base such as 2,6-lutidine, and the solvent may be 
dichloromethane. The reaction is conducted at subamblent temperatures, preferably in the 
range of -30°C The oxidizing step (b) utilizes a selective oxidant such as Dess-Martin 
periodinane in an inert organic solvent such as dichloromethane. The oxidation is carried out 

20 at ambient temperatures, preferably at 20-25 o C. 



the structure: 
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The invention further provides a method of preparing an epothilone having 




which comprises: 

(a) deprotecting a protected cyclic ketone having the structure: 



OR" 




10 wherein R ' and R " are independently hydrogen, a linear or branched alkyl, substituted or 
unsubstituted aryl or benzyl, trialkylsilyl, dialkylarylsilyl, alkyldi*ylsilyl, a linear or branched 
acyl, substituted or unsubstituted aroyl or benzoyl, under suitable conditions to form a 
desoxyepothilone having the structure: 
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and (b) epoxidizing the desoxyepothilone formed in step (a) under suitable conditions to form 
the epothilone. In certain embodiments, the invention provides the method wherein R» and 
R" are TBS. Deprotecting step (a) is carried out by means of a treatment comprising a reagent 
such as HF-pyridine. The deprotected compound can be epoxidized in step (b) using an 
epoxidizing agent such acetic peracid, hydrogen peroxide, perbenzoic acid, m- 
chloroperbenzoic acid, but preferably with dimethyldioxirane, in an inert organic solvent 

such as dichloromethane. 

The invention also provides a method of preparing a cyclic diol having the 

structure: 



15 




wherein R' is a hydrogen, a linear or branched alkyl, substituted or unsubstituted aryl or 
benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a linear or branched acyl, substituted or 
unsubstituted aroyl or benzoyl, which comprises: 

(a) cyclizing an open-chain aldehyde having the structure: 



32- 




wherein R is a linear or branched alkyl, alkoxyalkyl, substituted or unsubstituted aryloxyalkyl, 
trialkylsilyi, aryldialkylsilyl, diarylalkyUMyl, triarylsilyl, linear or branched acyl, substituted or 
unsubstituted aroyl or benzoyl; and wherein R " is a hydrogen, a linear or branched alkyl, 
substituted or unsubstituted aryl or benzyl, trialkylsilyi, dialkylarylsilyl, alkyldiarytsilyl, a linear 
or branched acyl, substituted or unsubstituted aroyl or benzoyl under suitable conditions to 
form an enantiomeric mixture of a protected cyclic alcohol having the structure: 



said mixture comprising an a- and a (J-alcohol component; 

(b) optionally isolating and oxidizing the a-alcohol formed in step (a) under suitable 
conditions to form a ketone and thereafter reducing the ketone under suitable conditions to 
form an enantiomeric mixture of the protected cyclic alcohol comprising substantially the P- 
alcohol; and 

(c) treating the protected cyclic alcohol formed in step (a) or (b) with a deprotecting agent 
under suitable conditions to form the cyclic diol. In certain embodiments, the invention 
provides the method wherein R' is TBS and R" is TPS. Cyclizing step (a) is performed using 
any of a variety of mild nonnucleophilic bases such as KHMDS in an inert solvent such as 
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THF The reaaion is carried out at subambient temperatures, preferably between -90'C and - 
50'C, more preferably at -78'C. Isolation of the unnatural alpha-OH diastereomer is effected 
by any purification method, including any suitable type of chromatography or by 
crystallization. Chromatographic techniques useful for the purpose include high pressure 
liquid chromatography, countercurrent chromatography or flash chromatography. Various 
column media are suited, including, inter alia, silica or reverse phase support The beta-OH 
derivative is then oxidized using a selective oxidant, such as Dess-Martin periodinane. The 
resulting ketone is the reduced using a selective reductant. Various hydridoborane and 
aluminum hydride reagents are effective. A preferred reducing agent is sodium borohydride. 
Treating step (c ) may be effected using a variety of deprotecting agents, including HF- 
pyridine. 

In addition, the invention provides a method of treating cancer in a subject 
suffering therefrom comprising administering to the subject a therapeutically effective amount 
of any of the analogues related to epothilone B disclosed herein optionally in combination 
with a pharmaceutical suitable carrier.. The method may be applied where the cancer is a 
solid tumor or leukemia. In particular, the method is applicable where the cancer is breast 

cancer or melanoma. 

The subject invention also provides a pharmaceutical composition for 
treating cancer comprising any of the analogues of epothilone disclosed hereinabove, as an 
0 active ingredient, optionally though typically in combination with a pharmaceutical^ suitable 
carrier. The pharmaceutical compositions of the present invention may further comprise other 

therapeutically active ingredients. 

The subject invention further provides a method of treating cancer in a 
subject suffering therefrom comprising administering to the subject a therapeutically effective 
5 amount of any of the analogues of epothilone disclosed hereinabove and a pharmaceutical^ 
suitable carrier. The method is especially useful where the cancer is a solid tumor or 
leukemia. 

The compounds taught above which are related to epothilones A and B are 
useful in the treatment of cancer, and particularly, in cases where multidrug resistance is 
0 present, both in vivo and in vitro. The ability of these compounds as non-substrates of MDR 
in cells, as demonstrated in the Tables below, shows that the compounds are useful to treat, 
prevent or ameliorate cancer in subjects suffering therefrom. 

The magnitude of the therapeutic dose of the compounds of the invention 
will vary with the nature and severity of the condition to be treated and with the particular 
1 5 compound and its route of administration. In general, the daily dose range for anticancer 
activity lies in the range of 0.001 to 25 mg/kg of body weight in a mammal, preferably 0.001 
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to 10 rng/kg, and most preferably 0.001 to .1.0 mg/kg, in single or multiple doses. In unusual 
cases, it may be necessary to administer doses above 25 mg/kg. 

Any suitable route of administration may be employed for providing a 
mammal, especially a human, with an effective dosage of a compound disclosed herein. For 
5 example, oral, rectal, topical, parenteral, ocular, pulmonary, nasal, etc., routes may be 
employed. Dosage forms include tablets, troches, dispersions, suspensions, solutions, 
capsules, creams, ointments, aerosols, etc. 

the compositions include compositions suitable for oral, rectal, topical 
(including transdermal devices, aerosols, creams, ointments, lotions and dusting powders), 
1 0 parenteral (including subcutaneous, intramuscular and intravenous), ocular (ophthalmic), 
pulmonary (nasal or buccal inhalation) or nasal administration. Although the most suitable 
route in any given case will depend largely on the nature and severity, of the condition being 
treated and on the nature of the active ingredient. They may be conveniently presented in 
unit dosage form and prepared by any of the methods well known in the art of pharmacy. 
15 in preparing oral dosage forms, any of the unusual pharmaceutical media 

may be used, such as water, glycols, oils, alcohols, flavoring agents, preservatives, coloring 
agents, and the like in the case of oral liquid preparations (e.g., suspensions, elixers and 
solutions); or carriers such as starches, sugars, microcrystalline cellulose, diluents, granulating 
agents, lubricants, binders, disintegrating agents, etc., in the case of oral solid preparations are 
2 0 preferred over liquid oral preparations such as powders, capsules and tablets. If desired, 

capsules may be coated by standard aqueous or non-aqueous techniques. In addition to the 
' dosage forms described above, the compounds of the invention may be administered by 
controlled release means and devices. 

Pharmaceutical compositions of the present invention suitable for oral 

2 5 administration may be prepared as discrete units such as capsules, cachets or tablets each 

containing a predetermined amount of the active ingredient in powder or granular form or as 
a solution or suspension in an aqueous or nonaqueous liquid or in an oil-in-water or water-in- 
oil emulsion. Such compositions may be prepared by any of the methods known in the art of 
pharmacy. In general compositions are prepared by uniformly and intimately admixing the 

3 0 active ingredient with liquid carriers, finely divided solid carriers, or both and then, if 

necessary, shaping the product into the desired form. For example, a tablet may be prepared 
by compression or molding, optionally with one or more accessory ingredients. Compressed 
tablets may be prepared by compressing in a suitable machine the active ingredient in a free- 
flowing form such as powder or granule optionally mixed with a binder, lubricant, inert 
3 5 diluent or surface active or dispersing agent. Molded tablets may be made by molding in a % 
suitable machine, a mixture of the powdered compound moistened with an inert liquid 
diluent 
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The present invention wiU be better understood from the Experimental 
Details which follow. However, one skilled in the art will readily appreciate that the specific 
methods and results discussed are merely illustrative of the invention as described in the 
claims which follow thereafter. It will be understood that the processes of the present 
5 invention for preparing epothilones A and B, analogues thereof and intermediates thereto 
encompass the use of various alternate protecting groups known in the art. Those protecting 
groups used in the disclosure including the Examples below are merely illustrative. 

EXAMPLE 1 

THP glvridol:13 : A solution of (RH +)-glycidol 12 (20 g; 270 mmol) and freshly distilled 3,4- 
1 0 dihydro-2H-pyran (68.1 g; 81 0 mmol) in CH 2 CI 2 (900 ml) was treated with pyridinium p- 
toluenesulfonate (2.1 g; 8.36 mmol) at rt and the resulting solution was stirred for 1 6 h. 
Approximately 50% of the solvent was then removed in vacuo and the remaining solution 
was diluted with ether (1 L). The organic layer was then washed with two portions of 
saturated aqueous sodium bicarbonate (500 ml), dried (NajSOJ, filtered, and concentrated. 
15 Purification of the residue by flash chromatography (silica, 25 -*• 50% ethenhexanes) afforded 
THP glycidol 13 (31.2 g; 73%) as a colorless liquid: IR(film): 2941, 1122, 1034 cm* 1 ; 'H 
NMR(CDCI„ 500MHz) d4.66(t,/ = 3.5Hz, 1H), 4.64 (t,J = 3.5 Hz, 1H), 3.93 (dd, / - 
11.7, 3.1Hz, 1H), 3.86 (m, 2H), 3.73 (dd, / - 11.8, 5.03 Hz, 1H), 3.67 (dd, J - 11.8, 3.4Hz, 
1H), 3.51 (m, 2H), 3.40 (dd,/ = 11.7, 6.4, 1H), 3.18 (m, 2H), 2.80 (m, 2H), 2.67 (dd,7 = 5.2, 
20 2.7 Hz, 1H), 2.58 (dd,7 - 5.0, 2.7Hz,1H), 1.82 (m, 2H), 1.73 (m, 2H), 1.52 (m, 4H); "C 
NMR (CDCI^SMHz) d 98.9, 98.8, 68.5, 67.3, 62.4, 62.2, 50.9, 50.6, 44.6, 44.5, 30.5, 
30.4, 25.4, 19.3, 19.2; [a] 0 = +4.98 (c-2.15, CHCIj). 

EXAMPLE 2 

Alcohol! 3a : Trimethylsilylacetylene (32.3 g; 329 mmol) was added via syringe to THF (290 
25 ml), and the resulting solution was cooled to -78 °C and treated with n-butyl lithium (1 54 ml 
of a 1.6 M solution in hexanes; 246.4 mmol). After 15 min, boron trifluoride diethyl etherate 
(34.9 g; 246 mmol) was added, and the resulting mixture was stirred for 10 min. A solution of 
epoxide 13 (26 g; 164.3 mmol) in THF (130 ml) was then added via a cannula and the 
resulting solution was stirred for.5.5 h at -78 "C. The reaction was quenched by the addition 
30 of saturated aqueous sodium bicarbonate solution (250 ml) and the solution was allowed to 
warm to rt. The mixture was then diluted with ether (600 ml) and washed successively with 
saturated aqueous sodium bicarbonate solution (250 ml), water (250 ml), and brine (250 ml). 
The organic layer was then dried (Na 2 S0 4 ), filtered, and concentrated in vacuo. Purification 
of the residue by flash chromatography (silica, 20% ether:hexanes) provided alcohol 13a (34 

35 g;76%). I 

EXAMPLE 3 
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MOMPtherlSb : A solution of alcohol 13a (24 g; 88.9 mmol) and N,N-diisopropylethylamine 
(108 ml; 622 mmol) in anhydrous 1,2^ichloroethane (600 ml) was treated with chloromethyl 
methyl ether (17 ml; 1 96 mmol), and the resulting mixture was heated to 55 X for 28 h. The 
dark mixture was then cooled to rt and treated with saturated aqueous sodium bicarbonate 
5 solution (300 ml). The layers were separated, and the organic layer was washed successively 
with saturated aqueous sodium bicarbonate solution (200 ml) and brine (200 ml). The 
organic layer was then dried (MgSO,) and filtered through a pad of silica gel (ether rinse). 
Purification of the residue by flash chromatography (silica, 20 - 30% ether.hexanes) afforded 
MOM ether 13b (23.7 g; 85%) as a pale yellow oil. 

10 EXAMPLE 4 

Alrohol 14 : A solution of THP ether 13b (20 g; 63.7 mmol) in methanol (90 ml) was treated 
with pyridinium p-toluenesulfonate (4.0 g; 15.9 mmol) and the resulting mixture was stirred at 
rt for 1 6 h. The reaction was then quenched by the addition of saturated aqueous sodium 
bicarbonate solution (100 ml), and the excess methanol was removed in vacuo. The residue 

15 was diluted with ether (300 ml), and the organic layer was washed successively with saturated 
aqueous sodium bicarbonate solution (200 ml) and brine (200 ml). The organic layer was 
dried (MgSOJ, filtered, and concentrated. Purification of the residue by flash chromatography 
(silica, 40 - 50% ethenhexanes) provided alcohol 14 (13.1 g; 95%) as a colorless oil. 

FX AMPLE 5 

2 0 Alrohol 14a : To a cooled (-78 °Q solution of oxalyl chloride (24.04 ml of a 2.0 M solution in 

CH 2 CI 2 ; 48.08 mmol) in CH 2 C\ 2 (165 ml) was added anhydrous DMSO (4.6 ml; 64.1 mmol) 
in dropwise fashion. After 30 min, a solution of alcohol 14 (6.93 g; 32.05 mmol) in CH 2 CI 2 
(65 ml + 10 ml rinse) was added and the resulting solution was stirred at -78 °C for 40 min. 
Freshly distilled triethylamine (13.4 ml; 96.15 mmol) was then added, the cooling bath was 
25 removed, and the mixture was allowed to warm to 0 °C. The reaction mixture was then 

diluted with ether (500 ml), and washed successively with two portions of water (250 ml) and 
one portion of brine (250 ml). The organic layer was then dried (MgS0 4 ), filtered, and 
concentrated. 

The crude aldehyde (6.9 g) prepared in the above reaction was dissolved in ether 
30 (1 60 ml) and cooled to 0 °C. Methylmagnesium bromide (32.1 ml of a 3.0 M solution in 

butyl ether; 96.15 mmol) was then added, and the solution was allowed to warm slowly to rt 
After 10 h, the reaction mixture was cooled to 0 e C and the reaction was quenched by the 
addition of saturated aqueous ammonium chloride solution. The mixture was diluted with 
ether (200 ml) and washed successively with water (150 ml) and brine (1 50 ml). The organic 

3 5 layer was dried (MgS0 4 ), filtered, and concentrated. Purification of the residue by flash 

chromatography (silica, 40 - 50% ethenhexanes) provided alcohol 14a (6.3 g; 85% from 14). 

EXAMPLE 6 
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K.tone 15: A solution of alcohol 14 (1 -0 g; 4.35 mmoO, 4 A moL sieves, and N- 
me thy.morpho.ine-N-oxide (1 .0 S 8.7 mmoO in CH A (20 ml) at rt was treated with a 
catalytic amount of tetra-n-propylammonium perruthenate, and the resulting black suspense 
was stirred for 3 h. The reaction mixture was then filtered through a pad of silica gel (ether 
5 rinse) and the filtrate was concentrated in vacuo. Purification of the residue by flash 
chromatography (silica, 10% ethenhexanes) afforded ketone 15 (924 mg; 93%) as a fight 
yellow oil. 

SAMPLE 7 

Alkene17 : A cooled (-78 -Q solution of phosphine oxide 16 (1 .53 * 4.88 mmo.) in THF 
10 (15 2 ml) was treated with n-buty I lithium (1.79 ml of a 2.45 M solution in hexanes). After 15 
min, the orange solution was treated with a solution of ketone 15 (557 mg; 2.44 mmo.) ,n 
THF (4 6 ml). After 10 min, the cooling bath was removed, and the solution was al.owed to 
warm to rt The formation of a precipitate was observed as the solution warmed. The 
reaction was quenched by the addition of saturated aqueous ammonium chloride solution (20 
15 ml). The mixture was then poured into ether (1 50 ml) and washed successive.y with water 
(50 mO and brine (50 ml). The organic layer was dried (Na 2 S0 4 ), fi.tered, and concentrated. 
Purification of the residue by flash chromatography (silica, 10% ethenhexanes) afforded 
a.kene 17 (767 mg; 97%) as a colorless oil: IRffikn): 2956, 2177, 1506, 1249, 1149, 1032, 
842 cm- 'H NMR(CDCI 3 , 500MHz) d 6.95b, 1H>, 6.53(s, 1H), 4.67(d, / - 6.7Hz, 1H) , 
-20 4 57 (dj - 6.8Hz, 1H), 4.29 (ddj - 8.1, 5.4 Hz, 1H), 3.43 (s, 3H), 2.70 (s, 3H), 2.62 (dd, 
-16.9 8.2Hz, 1H), 2.51(ddJ - 17.0,5.4Hz, 1H), 2*2% 3H); *C NMR (CDC. 3 , 125 MHz) 
d 164.4, 152.5, 137.1, 121.8, 116.2, 103.7, 93.6, 86.1, 79.6, 55.4, 25.9, 19.1, 13.5; [«] B - - 
27.3 (c - 2.2, CHCIj). 

AMPLE 8 

25 ^^^forrnstion: To a solution of the a.kyne 17 (3.00 g, 9.29 mmo.) in acetone (100 
mL ) at 0°C was added N.S (2.51 g; 1 1 .2 mmo.) and AgN0 3 (0.1 60 g; 0.929 mmo.). The 
mixture was then s.owly warmed to rt. After 1 .5 h, the reaction was poured into Et 2 0 (250 
mU and washed once with sat bisulfite (40 mL), once with sat NaHCO, (40 mL), once with 
brine (40 mL) and dried over anhydrous MgSO, Purification by flash chromatography on 

3 0 silica gel using gradient elution with hexanes/ethy. acetate (10:1 - 7:1) gave 2.22 g (64%) of 
the iodide 17a as an amber oil. 

fXAMPLE 9 

^..^^ f^^l iodide : BH 3 -DMS (0.846 mL, 8.92 mmo.) was added to a solution of 
35 cyclohexene (1.47 mL, 17.9 mmo.) in Et 2 D (60 mL) at O'C. The reaction was then warmed to 
rt After 1 h, the iodide x (2.22 g, 5.95 mmol) was added to Et 2 0. After 3 h, AcOH (1 .0 mL) 
was added. After 30 additional min, the solution was poured into sat NaHC0 3 and extracted 



* ft O (3 x 100 mU The combined organic* were then washed once with brine 50 mU 
w,th Et 2 D (3 x 100 ml). chrom atography on silica ge. elufng 

and dried over anhydrous MgSO, Punto V ^ a 

with hexanes/ethyl acetate (6:1) gave 1 .45 g (65 H of the y 

elution with hexanes/ethyl acetate (4:1 - 2.1 - 1.1) gave 5 
10 pale yellow oil. 

EXAMPLE 11 

r i ift, M 04 e 3 15 mmol) in CH 2 CI 2 (30 mU was 

A£aaEi— T...PK*.— 5 1261mmo0andDMAP 

CDC, 500MHa,d 6.97 (, ,H, 6.53 6,, WJ - 1-0*. ,«. < 

S .'H, ,40 0, , - 6.4Hz, ,H,, ,70 <s, 3h), 7.6, <m, 2H,. M. * «• C NMR 
,0^,25 MHZ, d , M -6.4, ,52.2. 136.4, 336,, ,20.6, ,36.4, 65,, 36.3, 2,0, ,9,, 
20 14.7; [«1d- -28.8 (c- 1.47, CHO^. 



FY AMPLE 12 



25 



, - i . nhnl 4 (2 34 2 3 62 mmol) and 2,6-lutidine (1.26 mL, 10.86 mmol) in 
To a so ut on of alcohol 4 & ■ 3 - DZ """" ' . . 

♦ j , ,ith TRSOTf (1 0 mL 4.34 mmol). After st.rrnng for 1 .5 h 
r-H CI (23 mU at 0"C was treated with TB5U I ni.umi., 

CH 2 CI 2 (23 rnu st)rred an 

at 0 °C the reaction mixture was quenched w.th MevJn uuu 

additional 5 min. The reaction mixture was diluted with Et 2 0 (100 mL) and washed 

lively with 1 N HC. (25 mU, water (25 mL), and brine (25 mL, The solution was dried 
r:gSoIfi,tered,andconcentrated. ^"^""^ 
on silica ge. e.uting with 5% Et 2 D in hexanes to provide compund 7 (2.70 g, 98 U 



colorless foam. 

CYAMPLE 13 

30 



35 



A s0 ,u.ion o, compound 7 ,2.93 * 3.65 mtnoi, in CH^P ,20, , SO mU was ,ea,ed wid, 
DDQ (5 23 g, 23.07 .moO and me .esu,.in g suspension was sdrred a, room temped for 

j-i ..j with Ft O (200 ml) and washed with aqueous 
24 h. The reaction mixtute was diluted with Etp (200 mu 

NaHCO (2 x 40 mU. The aqueous iayet was ex.rec.ed wi.h E.,0 (3 x 40 mU end he 

conceded. Pu.iflce.ion o, me etude oi, by flash ch ro ma,o 8 raphy on 

ee j j 7A (2 30 e 89%) as a colorless oil: IR (m™ J400 ' 

30% ether in hexanes afforded alcohol 7A (2.3U g, 



25 



,« „ H, * 4,7 ,1 H - 3 5 H * " 5 HA 2 . 68 (1 H , dJ . 13 . 5 Hz), 2.59 „ H, 
dj - 1 3.5 Hz), 2.34 (1 H, 0 „ d ; . 7.5 Hz ), 1 .10 (3 H, s), 0.87 

™ — «. 5 , r - = 

30.50. 26.23, 2 5 : 8 9, 22.42, 21.05. 18.40, 15.60, ,4.4,. -3.23. -3„.l«k -0 95 <c 
0.173, CHCI3). 

FYAMPLE 14 

. DM50 (448 uL 6.32 mmol) and the resulting solution was snrred at -78 C for 

dropw.se DMSO (448 . 6 ^ ^ 

min. Alcohol7e(2.,2g.3.16mmol).nCH,a l l20mu with E, N 

pension wes sorted . -78-C for 45 mi, The reecion m,x,are wes *N . 

, 2 2ml ISSmmoDendtesolutfonwasellowedtowarmwOnCandsfrred^^s 

5uccessiv „ y with aqueous NH.C, ,20 mD, water ,20 mU. and bnne ,2 mD. The cr^ 
aidehyde was puriM by flash chromatography on silica ge, e,uting w„h 5% Etp ,n hexanes 
,0 provide aldehyde 8 (,.90 g, 90%) es a colorless 0.1. 

EV»MPIE15 

A lotion 0, , m e,hoxy m eth y „,r, P heny,phosphon,u m ch,oride ,2.97 g, 8,5 mmol, in THF ,25 
J,, „ -C was treated with KCBu ,6.2, mL, ,M in THF, 8, ^ The mndure was 
1 a, 0 -C (o, 30 mm. Aldehyde 8 ,3, , 4.07 in THF ,,0 m U wes added a d the 
Z lg solution wes allowed .0 werm ,0 room temp.re.ure end stirred a, this tempera ure 
: " he reection mlxhure wes quenched with aqueous NH.C, (40 mU end the rasuKmg 

solution ejected with E,,0 ,3 x 30 mU. The combined E,,0 Actions eshed w h 

bdna «. m„, dried over MgSC, Altered, end concent. The reel ue was pu,,,^ by flash 
chrometography on silica ge, elutingwith 5% E..O in hexanes ,0 yield compound 9 ,2.83 g, 
86%) as a colorless foam. 

PYAMPLE16 

ooling o ro OT (empire tha mixture was di,„,ed with E,0 (50 mU and wes^ w,rh 

3 5 provide aldehyde 9a (2.75 g, 99%) as a colorless foam. 

fyftMPIF 17 
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JL 1 Hmium b^-W-W— • -M * «. 5 .04 mmol, an d«he 

resulting solution was stirred at 0 *C for JO min. Aldehyde 9a (2.0 g, 2.52 mt " ^ ^ 
1 Jadded and the mixur. was allowed to warn, to room temperature and strrred =, ft. 
^^orV^teactlonmi.urewasouencHedwi^ueousSHC,,,^^ 

Jcled with E ,,0 (3 x 20 mU. The combined Et.O fractions were washed wrth brme ,1 5 
ntt dried over MgSO., filtered, and concentred. The residue was 
purified by flash chromatography on silica gel e.uting with 5% E,,0 ,n hexanes to anord 
compound 10 (1.42 g, 76%) as a colorless foam. 

pfAMPI E 18 

• , ™«,„d 10 (1 0 8.1 34 mmol) in MeOHmF (2:1, 13 mU was treated with 
Asoutionofcompound10(l.og,i.a*m. 

thU^uoroacetoxy.iodoben.ene, (865 mg, 2.0, mmol, a, room temperature^ A*M» 
i reaction mixture was cuenched with apueous NaHCO, OS mU. The mraure was 

ejected with E,Q (3 * 25 mU ^ ,he combined *fi .radio ashed w,«h bene. 

S dried over Mg50 4 , filtered, and concentrated. Purification of me residue by flash 
chromatography on silica go, eluting with 5* E,,0 in hexanes provide^ compound^ 
mi92W as a colorless foam: IK (film, .428, 1252. 1,14. 1075. 1046 cm ; H NMR 
(CD a„ 500 MHz) d 7.6, ,6 H. dd ., - 7.9, 1.4 Hz), 7.38 .9 H, s), 5.47 „ H m), .87 H. 
l .0.0 Hz), 4.76,1 H.d., - 15.9Hz-4.30,, H.d,, - 3.7 HaU 5 (, H .3. ., 
0 H dd, i - 7.5, 1.4 Hz), 3.39 (3 H, s), 2.84 (3 H, s), 2.02 (, H, m), 1.64 (2 '™' * ^' 
\ , , (3 H s, 1 02 ,3 H d, I - 7.4 Hz), 0.90 (3 H. s), 0.85 (9 H, s). 0.62 (3 H. d. I - 6.8 
Z Z <m I 5 H s>; "C NMR (COC, (25 MHz, d 136.2, ,35.79. ,33.0, 
^86,^.76. U4.98, ,,0.49. 60,,. 55.57,46.4, 43,,, 36.82. 34.2, 26.26, ,9.60. 
, 8.60, , 7.08, ,6., 6. , 3.92, -2.96, -3.84; ft - 41.74 (c - 0.77, CHCI,). 

PXAMPLE15 

! 5 i ♦• n( nlofin 11 (0 680 s 1 .07 mmol) in THF (8.0 mU was added 

Suzuki CouDline: To a solution of olefin 11 lu.bou g, ■ 

in THF, 2.99 m, 1.50 mmo, In a separate flasx, the iodide „ .0478 , 

, 2 M mmol, was dissolved in DMF „0.0 mO. CsCO, ,0.696 » 2,4 mmOl, was me added 
w it hv i go,ouss,irringfollcv,edbysepuen,ia| a dd,,iono f Ph^(0.034g.0,,,mmol) 

30 pil(dppf,,(0 09,g,0„, mmofl and Hi O .0.693 ml, 38.5 mmol). Afler 4 h, then borane 

colo, a nd slow* became pele yellow after 2 h. The reaction was men pour* n» H O ,100 
mU znd extracted with E,C ,3 x 50 mU. The combined cynics were washed w,,h H,0 (2 
50 mU. once wim brine ,50 mU and dried over anhydrous Mg50.. PurihcatK, , by *h 
35 chromatography on silica ge, eluting with hexanes/ethyl acetate ,7:„ gave 0.630 g ,75 « o, 

the coupled product 20 as a pale yellow oil. 

fVAMPLE 20 
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15 



The acetate 20 ,0.610', 0,70 mmot, « 
j tc a.h O (0 442 r, 2.32 mmol was added. The mixture 

» h drousMsSO, P^W««»«-^-^^*7'* . , R 
hexanes/ethyl aceute ,7:,) save 0,86 , W of the aUehyde 2, as a « 
, f T, ,737 1429 1737 1115. 1053 cm'VH NMR (CDCI„ 500 MHz) d 9.74 1, H, s). 7.6, 
H I '- U H >. 7,8 (9 H, m>, 6.94 ,1 H. * 6,3 ,1 H, * 5,9 ,1 H. ... 5.3, «, 
H 5 5 OH, ; - 6.9 Hz), 4.6, ,1 H. *i - 43 Ha, 3,0 „ H, dd. , - 5.2, 2.6 Hz, 
7 ' *0 H , » < H, m ,, 2,4 „ H, * 2.0, ,3 H, * 2.07 ,3 H, * 1 ,3 « H, m, ,4, , 
M , ,8 , H m) , 0, (3 H, s), 0.99 (3 H, s, 0.9, (3 H. d. , - 7.4 Hz), 0,5 (9 H, s, 0.69 
OH m) 0 58 <; H d , - 6.8 Hz -O.05 ,3 H, s, -0.06 «3 H, * «C MM R (COC,,, ,25 
Z 203 170.;!. 164.49, ,52.46, ,37, 0, ,35.60, 134,2, ,32,5, ,30.65 , 27,4, 
"1 ,20,6, „6,9, 81.09, 78.47, 76,3, 51.66, 43,4, 38,8, 30,9, 30. 2 27, 
^ ,0,21,5, 20,2, 20,5, 19,5. 18.49. 15,2, 14,0, 12,5.-3,5, -4,8, W. - -18.7 ,c 
- 0.53, CHClj). 

AMPLE 21 

^ To a5 o,u«ion of one acetate-aidehyde 2, ,84 m t 0.099 mmo,, inTHF a^-Cwaa 
tS KHMDS ,0,M in ,o,uene, 1.0 m,, 0, mmo„> dropwise.The «*, ' - 
.0 *,ed a, -78-C fo, 30 min. Then the reaction ..ore was cannutated ,o a - 
gel and washed with ether. The reside was purifled by flash ch,oma,o 8 rap y ,s,„ , ,» 
flc in hexane, ,o 8 ive ,he ,ac,one 22 ,37 m 8 of 3-5 and 6 m 8 of 3-,, 51 » as wh„e foam. 

FYAMPLE 22 

2 5 Wared HF-pyridine - THF soiution a, room temperture fo, 2 h. The reaction mixure was 

pled in,o Ltated aqueous N aHCO,and exceed wi,h ether . The « 

. .. . , j r, .ao 11 0 ml x 3) and saturated NaHCO, „ 0 ml, then 
washed in sequence with saturated CuSO, 1, 0 ml x ai 

driod over Na,0. and concen.ra.ed under vacuum. The residue was punfied by flash 
:la.o E rap-hy U* 23, ,OAc in hexane, and ,o g ive *, 22a ,22 m, 99« as wh,e 

3 0 foam. 

FYAMPIE 23 

TSS^&toa: To a cooied ,-30-C, solution of diol 22a ,29 mg. 0.0489 mmol) and 2,6- 
^^7 m), 0,47 mmo„ in anhydrous CH A ,1m,, was added T65CT, ,0.01 5 m, 
646 Imoi). The resu„in 8 so.udon was then stirred a, OO-C fo, 30 min. The 
3 5 quenched with 0,M HO ,10 m„ and ex.rac.ed with ether ,1 5 mfl. E.he, ,ayer was wa^ 
with sa.ura.ed NaHCO„ dried .Na^O.and concent in vacuo. Punhction ofthe residue 
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u , M EtOAc in hexane) afforded TBS ether 22B (32 mg, 93%) as 
by flash chromatogrphy (silica, 8% EtOAc nex 



white foam. 

pf AMPLE 24 



10 



15 



. t i^k«I MB (30 mg 0.0424 mmol) in CH 2 CI 2 (2.0 mU at 

25°C was added Dess-Mart.n penodinane (3b mg, u.u 

,. a *n erir at 25°C for 1.5 h. The reaction was quenched by the 

======= ====■ 

(Na SOJ filtered, and concentrated in vacuo . Purification of the residue by flash 

0 H 2 0 " -t H, ,H>. 3.89 <d., -9.7Hz, ,H), 1™. 2* <d,/ 

-.cot q 133 9 124.8, 119.6, 115.9, 72.7, 53.2, 
k/u,\^ ->ift7 170 1 164.5, 152.6, ' 

ZXu 2,, « «. « i« «* «* ,60 ' ,5 ' 2 ' 

«i >i rwrl ^ 



14. 3 ', -4.2 '-4.4, -4.6, -4.8 ; [a] D - -21 .93 (c - 1 .4, CHCI 3 ) 

FY AMPLE 25 

20 



, tdc pther 22C (27 mg, 0.038 mmol) in THF(1 ml) at 
Desoxv LCornDSUDd: To a solution of TBS ether zzc u/ 0 , 

^T„ p.!! « added dropwise Ha-pyrfdine .0.5 .0. The ««« - - 
<L ,* a, 25-C ,0, 2 h. The reaCion ^ « — wi* d— < ^ 
1 s,ow,y added ,0 sarured sodium b,carbona,e ,20 m,> . The .Mure was ex.rac.ed w,«h 
. 5 CHC «ol X 3, The organic ,a y e, wa S dried ,Ha ,50 * filtered, and concen,ra,ed ,n , cuo. 
of L residue h y Hash chronra,o g raph y faifica , 30, E ,OAc in 

COO, 500 MHz) d o.96 ,, , H,, 6.59 fa, , H». 5.44 * J -4.3. 10. > Hz ,H, 5, ft J 
s ,^n,Hz 1H) 52S(dd;-1.7,9.SHz,1H),4.11(dJ-7.2Hz,1H>,3.74(a,1H). 

1. 15.1 HZ, 1 H), 2.35 fdd, ;-2.5, 15, Hz. 2.27 , m , ,H, 2.0 n.. 1 «,»^» 
2 .0, (m , ,H, 1,5 Im, 1H, 1.67 fn, ,H, 1-33 4H, ,.21 fa. 1H, 1.19 M * 1» 
— 7.0 Hz, 3H,, ,.00 fc 3H,,0.93 <d., -7, Hz, »ft "C 45 4 

3S 44., 9.5, 37.9, 33.7, 33,. 23.7, 25., 25.0, 2,9, 2, .7, ,9, ; W. - -94.7 fc - 0,5. 



CHCI3). 

FVAMP1E26 
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E,,^ To a cooled <-50°C solution of desoxyepothilone (9 mg. 0.0,89 mmol) in dry 
CH CI, <1 ml, was added freshly prepared dimethyldioxirane (0.95 ml, 0., M in acetone). The 
Jiungsolufton was allowed to warm up to -30-C for 2 h. Astreamo. 
bubbled through me solution ,o remove excess DMDO. The residue wa, punned by as 
5 chromatography (silica . 40% EtOAc in bexane, and anorded epomiione A ,4.6 ^ 49 U as 
colorless soiid and 0.,mg of epoxide diaarereomer. This materia, was ,den„cal w* me 
natural epothilone A in all respects. 

pp^.T.. tor P jnr^'" ,1 "° "'efn MWMtlWte 
10 To a stirred solution of diene 24 (5 mg, 0.0068 mmol) in *y benzene (1 .5 mU was added 
Gnttrt catalyst (2.8 mg. 0.0034 mmol,. After ,2 h, an additional portion of catalyst was 
added (2.8 mg,. After an additional 5 h, the reaction was concentrated. Purification by .he. 
gei chromatography eluting with hexanes/emyl acetate (1 1:1) gave me lactone 23 (3.5 mg, 
94%, 2:1 E/Z). 

SAMPLE 28 



15 



Preparation of C (impound 19: 

Alrnho , 2A . A mixture of (SW-H.V-bM-naphthol (259 mg. 0.91 mmoL), T,(0-l- 

Pr) 4 (261 „L;0.90 mmol), and 4 A sieves (3.23g) in CH 2 C1 2 (1 6 mU was heated at reflux for 1 
h The mixture was cooled to rt and aldehyde 1 was added. After 10 mln. the suspension 
-20 was coo.ed to -78'C, and ally, tributy.tin (3.6 mL; 1 1 .60 mmol) was added. The react.on 
mixture was stirred for 10 min at -78 «C and then placed in a -20 «C freezer for 70 h. 
Saturated NaHCO, (2mL) was added, and the mixture was stirred for 1 h, poured over 
Na 2 SD 4 , and then filtered through a pad of MgSD 4 and celite. The crude matenal was 
purified by flash chromatography (hexanes/ethyl acetate, 1:1) to give alcohol 2A as a yellow 
25 oil (1.11 g; 60%). 

fVAMPLE 29 

Arptate3A: To a solution of alcohol 2A (264 mg; 1 .26 mmol) in CH 2 CI 2 (1 2 mL) was 
added DMAP (15mg: 0.098 mmol), Et 3 N (0.45 mL; 3.22 mmol), and Ac 2 Q (0.18 mL; 1 .90 
mmol). After 2h, the reaction mixture was quenched by 20 mL of H 2 0, and extracted with 
EtOAC (4 x 20 ml). The combined organic layer was dried with MgSO. filtered, and 
concentrated. F.ash chromatography (EtOAC/hexanes, 1 :3> afforded acetate 3A as a yellow 
oil (302 mg; 961). 

fX aMPI E 30 

VtoUfididaia: To a solution of acetate 3A (99 mg; 0.39 mmol) in acetone a, 0 'C was 
35 added H,D (4 drops,, OsO. (2.5% * in butyl alcohol; ,75 pL; 0.0,8 mmol,, and N-methyl- 
m orpholine- N -oxide (69 mg; 0.59 mmoD. The mixture was stirred a. 0 -C fo, 2h and 45 mm 
and men quenched wim Na,SO,. The solution was poured ,0 ,0 mL of Hp and extracted 



30 



* 
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with EtOAc (5 x lOmL). The combined organic layer was dried over MgS04, filtered, and 
concentrated. 

To a solution of this crude product in THF/H 2 0 (4 mL, 3:1) was added NalO, 
(260 mg; 1.22 mmol). After 1.25 h, the reaction mixture was then quenched with 10 mLof 
HP and concentrated. The residue was extracted with EtOAc (5 x lOmL). The organic layer 
was dried over MgSO. filtered, and concentrated. Flash chromatography (EtOAc/hexanes, 
1 :1) gave a yellow oil (80 mg) which contained unidentified by-product(s). This mixture was 

used without further purification. 

To a solution of (Ph 3 P + CH 2 I)|- (100 mg; 0.1 9 mmol) in 0.25 mL of THF at rt 
was added 0.1 5 mL (0.1 5 mmol) of NaHMDS (1M in THF). To the resulting solution at -78'C 
was added HMPA (22 0.13 mmol) and the product from previous step (16 mg) in THF 
(0 25 mL). The reaction mixture was then stirred at rt for 30 min. After the addition of 
hexanes (10mL), the solution was extracted with EtOAc (4 x 10mL). The combined EtOAC 
layer was dried (MgSO<), filtered, and concentrated. Preparative TLC (EtOAc/hexanes, 2.3) 
afforded vinyl iodide 19 as a yellow oil (14 mg; 5.0% for three steps). 

FYAMPLE 31 

tgfeojfifm aatalfi SO To a suspension of ethyltriphenylphosphonium iodide (1.125 g, 2.69 
mmol) in THF (10 mL) was added nBuLi (2.5 M soln in hexanes, 1 .05 mL, 2.62 mmol) at rt. 
After disappearance of the solid material, the solution was added to a mixture of iodine (0.613 
0 g 2 41 mmol) in THF (20 mL) at -78 *C. The resulting suspension was vigorously st.rred for 5 
min at -78 °C, then warmed up -20 °C, and treated with sodium hexamethyldisilazane (1 M 
soln in THF, 2.4 mL, 2.4 mmol). The resulting red solution was stirred for 5 min followed by 
the slow addition of aldehyde 9C (0.339 g, 1 .34 mmol). The mixture was stirred at -20 °C for 
40 min, diluted with pentane (50 mL), filtered through a pad of celite, and concentrated. 
5 Purification of the residue by flash column chromatography (hexanes/ethyl acetate, 85:1 5) 
gave 0 202 g (25% overall from vinyl acetate 10Q of the vinyl iodide 8C as a yellow o.l. IR 
(film)- 2920, 1738, 1234 cm"; 'H NMR (CDCIj): 6 6.98 (s, 1H), 6.56 (s, 1H), 5.42 (dd,/ - 
5 43, 6.57 Hz, 1H), 5.35 (U - 6.6 Hz, 1H), 2.71 (s, 3H), 2.54 (qj - 6.33, 2H), 2.50 (s, 
3H), 2.09 (s, 6H); »C NMR (CDCI 3 ): 6 170.1, 164.6, 152.4, 136.9, 130.2, 120.6, 1 16.4, 
$0 103.6, 40.3, 33.7, 21.2, 19-2, 14.9; [a) D - -20.7 • (c - 2.45, CHCI 3 ). 

EXAMPLE 32 

Afeta l 13C : To a solution of olefin TC (0.082 g, 0.1 3 mmol) in THF (0.5 mL) was added 9- 
BBN (0.5 M soln in THF, 0.4 mL, 0.2 mmol). After stirring at rt. for 3.5 h, an additional 
portion of 9-BBN (0.5 M soln in THF, 0.26 mL, 0.1 3 mmol) was added. In a separate flask, 
3 5 iodide 8C (0.063 g f 0.1 6 mmol) was dissolved in DMF (0.5 mL). Cs 2 C0 3 (0.097 g, 0.30 

mmol) was then added with vigorous stirring followed by sequential addition of PdCI 2 (dppf) 2 
(0 018 g, 0.022 mmol), Ph^ (0.0059 g, 0.019 mmol), and H 2 0 (0.035 mL, 1 .94 mmol). 
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Ate 6 h. then bene solution was added to the iodide mixture in DMF. The reaction 
qrfddy turned dad: brown in color and slow* became pale yeltow ate 3 h. 
was men poured into Hp (10 mU and extract with E,p <3 x 1 5 mD. The combmed 
organic layera we. washed with Hp (3 X 1 5 mU, brine 41 x 20 mU. dried over MgSO., 
5 filtered, and concen.re.ed. Flash column chromatography <hexanes(e«h y l acetate, 9.1. gave 
0.089 g (77%) ol me coupled product «C as a yellow oil. 

fVAMPIf 33 

iMstafcjiC: AceBl 13C (0.069 g, 0.077 mmoi) was dissolved in dioxane/HP (9:1, 1 mU 
and pTSA Hp (0.045 g, 0.237 mmol) was added. The mixture was then hea.ed to 55-C. 
10 Ate 3 h, me mixture was cooled to «, poured into Ftp, and ex.ac.ed with Ftp .4 x 15 mU. 
The combined emer solutions were washed with sat NaHCO, (1 x 30 ml), bnne (1 x 30 mU, 
dried over MgSO.. filtored, and concentrated. Flash column chromatography (hexanes/emy! 
acetate, 3:1) gave 0.046 g (71 V of the aldehyde 14C as a pale yellow oil. 

pflMPIE34 

IS M^TK^kJ*^ Toasolu,iono(a,dehyde14C ( 0.02,g.0.024mmo,,,nTHF,5mUa. 
.78 -c was added KHMOS (0.5 M soln in toluene, 0.145 mL, 0.073 mmol). The soluhon was 
stirred a, -78 'C (or 1 h, then quenched wim safd NH.CI, and extracted with ether Ox 15 
mU. The combined organic layers were dried with Mg50., filtered, and concentrated. Flash 
column chromatography (hexanes/e.hyl acetate. 7:1) gave 0.008 g o. the desired e-alcohoi 

2 0 15C-W and 0.006 g o( B-alcohol 15C-W (67% tolal ) as pale yellow oils. 

njAMP1F3S 

M ^^1 5 CT5): To a solution of P-alcohol 15C-W (0.006 g, 0.0070 mmol) in 0.5 mL of 
CH CI, at rt. was added Dess-Martin periodinane (0.028g, 0.066 mmol). After 0.5 h, an 
additional portion of Dess-Martin periodinane (0.025 mg, 0.059 mmol) was added. The 

2 5 resulting solution was stirred at rt for additional 1 h, then treated with ether (2 mL) and sat d 

Na^safd NaHCO, (3 mL, 1:1), poured into H 2 0 (20 mL), and extracted with ether (4 x 
10 mL) The combined ether solutions were washed with H 2 D (1 x 30 mL), brine (1 x 30 
mU. dried with MgSO. filtered, and concentrated. To a solution of crude ketone 15C m 
MeOH/THF (2 mL, 1:1) at -78 >C was added NaBH 4 (0.015 g, 0.395 mmol). The result.ng 

3 0 solution was stirred at rt for 1 h, quenched with sat NH A and extracted with ether (3x15 

mL) The organic layers were dried with MgSO. filtered, and concentrated. Flash column 
chromatography (hexanes/ethy. acetate, 9:1) gave 0.0040 g (67%) of the a-alcohol 15GO as 

a pale yellow oil and 0.0006 g of p-alcohol 15C-M- 

EXAMPLE 36 

35 Qifil 15C" : The silyl ether 15C-W (0.010 g, 0.012 mmol) was dissolved in 

HF-pyridine/pyridinen-HF (1 mL). The solution was stirred at rt for 2 h, then diluted w.th 
Et O (1 mL), poured into a mixture of Et 2 0/sat. NaHC0 3 (20 mL, 1:1), and extracted w.th Et 2 Q 
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(,,10 mU. The E.,0 solution were washed with set CuSO. (3 x 30 mL). se. NaHCO, (1 x 
JO mU brine (1 . 30 mU. dried with MgSO., filtered, and concent. Flash column 
epigraphy Cne—y, ace«,e. ,1. save 0.00* s (93%, - « •*» - . pale 
yellow oil. 

FYAMPIE 37 

Alcohol ISC'": To a solution of diol 15C" (0.0066 g, 0.01 1 mmoD in 0.5 ml of CHA at - 
78 -C was added 2,6-lutidine(7^ 0.060rnmol)andTBSOTf(SpL, 0.022 mmol.. The 
^ng solution was slimed a, -30 -C for 0.5 h. then q uenched with Hp (5 ^L, and 
extracted wilhEt.O (4* 10 mU. The ether solutions were washed with 0.5 M HCI 0 x | 
mL, sat'd NaHCO, (1x10 mL,. dried over Mg50„ filtered, and concenmted. F a* column 
chromatography (hexanesfetby, acetate, 93:7, save 0.0070 s (89%) of the alcohol 15C as a 
pale yellow oil. 

fVAMPIE38 

Ketone 1 6C j To a solution of alcohol ISC'" (0.006 g, 0.0083 mmol) in 0.5 ml of CHA a. 
„ was added Oes^Manin periodinane (0.030g, 0.07, mmol). After 1 .25 h, another portion 
o( Oess^ardn periodinane ,0.025 mg, 0.059 mmol, was added. The resuming solution was 
5tirre d a, d for addiliona, 0.75 h, treated with emer ,1 mU and safd Na^sa, NaHCO, ,2 
mL ,,, pO u,edin,oH ! O(20mU,andextrac,edwi,he t her,4x,0mU. The ether soluhon 
wai washed with sa, NaHCO, ,1 x 20 ml), dried with MgSO., filtered, and concentrated. 
Fiesh column chromatography (hexanes/ethyl acetate, 9:1, gave 0.0040 g «7%> of the Ketone 
16C as a pale yellow oil. 

FYAMPLE 39 

rr .-„.. r „, h t„,„ n .8,2Q ..To a solution of ketone 16C (0.004 g, 0.0056 mmol) in THF «L35 
mU was added HF-pyridine (0.25 mU dropwise over 20 min. The solution was stirre a, d 
for 1.5 h, diluted with CHC, (2 mU, poured into safd NaHCO^CHC), .20 mL, 1:1. M 
and extracted with CHCI, (4 x10 mU. The combined CHCI, layers were dried with MgSO., 
filtered, and concentraled. Flash column chromatography (hexanes/elhyl acetate, 3:1) gave 
0.0022 g (80%) of the desoxyepothilone B 2C as a pale yellow oil. 

pYaMPIf 40 

.^i,^: To a so.ution of desoxyepothilone B (0.0022 g, 0.0041 mmol) in CHA 
(0 25 mL) at -50 °C was added dimethyldioxirane (0.1 mL, 0.0095 mmol) dropw.se. The 
resulting solution was stirred at -50 -C for 1 h. The dimethyldioxirane and solvent were 
removed by a stream of N, The residue was purified by flash column chromatography 
(hexanes/ethyl acetate, 1:1) gave 0.0015 g (70%) of epothio.one B (2) as a pale yellow o,l 
3 5 which was identical with an authentic sample in 'H NMR, 1R, mass spectrum, and [a] D . 

EXAMPLE 41 

ft ■?°rrr?^v lp P nthilone A 
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C^U**** To a stirred mixture 0. potest 0 * M so,n in THF. 50.4 

BuU M. ,n h—. 31.3 mL, SO. mmo„. add, no, .BuU 

.,i,„^«-45°Cfor,0minandthencoo,edto-78 C l+H>- 

« "> 60 74mmo O was then added dropwise in £,,0 

mo mU After 30 mm, BF 3 -tt 2 U 1/.*/ hil, w./ 

X * THP 115 ma senary a viscous so.ufion wnicH „* I no,* 
£LT V. mixture was sfiaten vi s orous)y eve. ,0 mi„ to ensure * £ £ 

■ ... , M Ma r>H (36 6 rnL, 110 mmol) and 30% H 2 0 2 ( > 5 mu 
78°C the reaction was treated with 3N NaOM tft>.o mu, . 
-78 C, the react (30Q mQ and 

0 ar >d the solution brought to reflux for 1h. The reaction p 

washed with HP (100 mL), brine (30 mU and dried over anhydrous MgSO, The crude 
m ateria. was piaced in a bu.b-to-buib distillation apparatus to remove the .,ga d from the 

rth^^ 

, * p. o in CH CI (2% - 4%) to give pure alcohol 4D as a clear oil. The erythro 
5 ^JS£5Z»>»»*~->» -pruductwaadete— 

NMR (CDC,„ 400 MHz) 6 7.34 (5 H, m,, 5.80 (1 H.m>,5.09,1 H,dd.,- V , « 
5 M l H d , - 1.6 Hz), 4.52 (2 H, s), 3.5) (2 H, U - 5.8 Hz), 3.47 (1 H, m), 2.27 ,2 H 
5.04(1H,d,J 1.8 I, 6 , Hz) . u C NMR(CDCI„100MHz> 6 

20 m) ,1.73(3H,m),).42(1H,m),).04(3H,d,;-6.9HZ), 

FYAMPI E 42 

mslhstiE : A ,coh„, 4D ,5.00 , 21.4 - was disced in 04,0, .150 mU and 2> 

i jj -j TKo rp^rtion was then warmed to rt After 1 n, tne 
25 mL, 42.8 mmol) was slowly added. The reaction was 

• . . c+ r\ nnn ml > and washed once with 1 N HU 
reaction was poured into Et 2 0 (300 mu ana w«. , 

To once wim m NaHCO, ,50 mU, once wim brine ,30 mU and dried over anhydrous 
M^O.. Purification by fiasfi —sraphy on sifica 8 e, e,u,in g with 
(9 :3, ave 8.33 8 ,85*, .. pure o,efin 5D as a Car 0„= » «= 147 ) , .255 1097, 
3 0 088cm-; 'H NMR (CDCl,, 400 MHz) 5 7.30 ,5 H, m), 5.8) ,) H. m, *9 0 H. « , - 
,4, 4.8 Hz, 4.94,, H.d., - 1, Hz.,3.5) ,1 H.O, - 5, Hz) ,3.41 
Hz,. 2.27 0 H, q, i - 5.5 Hz,. ).68 ,) h. m, 1.55 ,1 H, m, 1.4, , H * • » 0 H J 
6.9 Hz,. 0.85 ,9 H.s), -0.01 ,6 H, a,; U C NMR (CDO„ 100 MHz, 5 ,41* 
,27.8, ,27.4, 1,3.9. 75.6. 72.7, 70.8,42.7, 30.,, 25.9, 25.4, ,8.,, ,5.1.-4.3, -4.4. 

FY AMPLE 43 

" ^ THeo,efin5,4.0O,,.49mmo l ,wasdisso,vedin,:,MeOH/CH,O,,100 
<4.0 mU was tnen added and me minute coo.ed to -78-C. Ozone was men 
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bob b,ed dtrougb me reacbon <or 10 minrtes b*« *• — »- * « ^ " ^ 
Oxygen was tben bubbled Ihrough dre reaction fo, 10 mi, Dimetby, sulfide (4.0 mU was 
^edandme reaction slowlywarmedto, T* reacdo, was s«r*d ov*,* >' -*» 
* volatile, we. .moved in vacuo. Purification by fiasb » ^ 

5 eluting W* bexanez/ethy. aceta* (9:1) gave 3.31 g W* - *? 

, R «: 2856. 1727, ,475, 1361,1253, „02cm, '"^^^^ ^ 
H d 733 (5H m),4.50(2H.s>.4,1 (, H. ml. 3.47 (2 H. m). 2.46 (, H. m). ,.50-1.70 (4 

(CDC., 100 MHz) 6 204.8, ,36.3, 128.2, .27.4. ,27.3. 72.7. 71.7. 69.9. 51.1, 3,.,, 25.9. 
10 25.6,17.8,7.5,-4.4,-4-8. 

PYAMPLE 44 

tt „ kajmiataillim Tbe tert-bu* isobu^ylacetate ,0.653 » 3.5, mmol, was 
^^^Th ,60% in mineral oil, 0,88 g 4.69 mmoO ,n THF (50 mU 
Mer ,0 min, me mixture was cooled ,0 0-C Me, an addition*, ,0 ^ «M - 
15 hexanes, 2.20 mL. 3,2 mmol, was slowly added. Me, 30 min, ft, r aWeby* » ^ 
2 93 mm „n was added nea, After ,0 min, me reaction was ouencbed w„h H C 00 mU and 
Lac,edwim E „0<2*75mU. - combined or g an, a were wasbed once w,*br,n 0 
mU and dried over anhydrous MgSO.. Tbe crude reaction mrxture contamed a , , rabo 

20 1367, ,255, „53 cm, ^,0.0 4. MH. 6 

7.33 ,5 H, m,. 4.49 ,2 H. a,, 3.75 „ H. d. , - 2.6 Hz,. 3.7, 0 H. m, 3. 2 0 H. d I M 
Hz, 3 53 (, H, dj - 16.0 Hz,, 3.44 ,2 H. U - 5.1 Hz,, 2.70 0 H. d,/ - 2.6 Hz,, V83 ( , 

25 7 0Hz>.0.0, ( 6H.s, ; "C NMR (CDOj, ,00 MHz) 6 208.9. 167 V 1 38.4. 1283, 12 7. 

,27.5, 81.3. 79.5. 78.7, 72.8, 70,. 52.4,47.6, 35.8, 30.6, 28.2, 25.9, 25.8, 22.6. 20.5, .7.9, 
7.05, -4-0, -4.5. 

pr*MPIE45 

Eils£tEtotote To a solurion o, tetramethylammonium triacetoxyborohydride «. .54 g, 
30 I^n^onibileW.OmUwaaaddedanbvdrousAcOH^.OmL,. Tbe mrxture was 
stirre d a, r, ,or 30 min beiore coolingto -lO-C. A so,u,ion o, tbe ester 70 , g 0. 
m moi> in ace,oni,ri,e 0.0 mU was added ,0 me reaction and It was strrred a, -.0 0 or 2 K 
Tbe reaction was oueocbed with IN sodium-podium tartrate (10 mU and surred a, d (or 10 
Thereacoon n neutralized by the addrbon 

min. The solution was then poured into sat NaHCO, (25 mu a 

. • A.„.,i ra ctedwithEtOAc(3x30mUandtheorganrcs 
of solid Na,CO,. The mixture was then extracted wiw cry ,..„,, 
w ere wasbed with brine (20 mU and dried over anydrous MgSO.. Purifrcabon by flash 
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oncography on slllca gel el-ting with hexaneVethy, acetate ,4:1, gave 0.00 g ,50%) of 
the diol as 10:1 ratio of diastereomeric alcohols. 

AMPLE 46 

, ^ntSbedloH The dip, 0.7. g. 3.31 -o» was delved In CHAO00 * 

S end ccX to O'C iodine ,12.2 ml. 9.92 mmou was added followed by TBSOTf < ,4 
roL 49 6mm ol,^the re ec.ion S lowlywa m ed,o rt . After 1 h>. reaflion was poured m«o 
E,,0 ,300 mU and washed once wHh IN HCI (50 mU. once wi* sa, NaHCO, ,50 mU. once 
with brine (50 mL> end dried over anhydrous MgSO,. Purification by flash chromatography on 
silica ge, eluting with hexanes/e*y, acetate (20:1 -15:1) gave 2.03 g ,95%) of the alcohol 8D 
10 as a clear oil, which was used as a mixture of diastereomers. 

P1MP1E47 

„..„„. w„fon : The alcohol 3D (2.03 g. 3.14 mmol) was dissolved in CH^I, (50 mU 
end Des,Ma rt in periodinene ,2.66 g. 6.2S mmol, was added. After 2 h, a 1:1 mixture of sa, d 
NeHCC/se. Ne A 0, (20 mU was added. After , 0 min. the mixntre was poured into E.,0 
IS ,300 mU and the organic layer was weshed with brine ,30 mU end dried over anhydrous 
MgSO.. Purification by flash chromatography on silica ge. eluting with hexanes/ethyl acetate 
05:1) gave 1.85 g (91V.) of the ketone (benzyl ether, es a clear oil. which wes used as a 
mixture of diastereomers. 

SAMPLE 48 

•20 C^Wito The ketone (benzyl ether) (1.85 g, 2.87 mmol) was dissolved in.EtOH (50 
mL) and Pd(OH) 2 (0.5 g) was added. The mixture was then stirred under an atmosphere of 
H, After 3 h, the reaction was purged with N 2 and then fi.tered through a pad of cehte 
rinsing with CHCI 3 (100 mL). Purification by flash chromatography on silica ge. eluting w.th 
ethyl acetate in hexanes (12% - 15%) gave 1.43 g (90%) of the diastereomeric alcohols as a 
25 clear oil. The C3 diastereomers were separated by flash chromatography on TLC-grade S.O, 
eluting with ethyl acetate in hexanes (15%): 

Alpha isomer: ,R (film,: 3447, 1732, 1695. 1254, 1156 cm-; 'H NMR <C0C,„ 400 MHz, « 
4 24 (1 H dd,, - 3.6, 5.S Hz,, 3.83 (1 H. m), 3.53 (1 H, m), 3.06 (1 H, U - 7.1 Hz,, 2.36 
h. dd, - 3.6, 17.2 HZ>, 2.12 ,1 H.dd,/ - 3.9. 17.2 Hz,, 1.68,1 H, U - 5.4 Hz,, 1.54 
30 (2 H, m), 1.41 .1 H , m, 1.37 ,9 H, s, 1.31 0 H. m, 1.16 ,3 H, s, 1.02 ,3 H s, 0.99 <3 K d. 
,.68 Hz), 0.84 ,9 H, s), 0.8, ,9 H, s,, 0.05 (3 H, s,, 0.01 ,6 H, s,, -*.01 (3 H, * »C NMR 
,CDCI„ 100 MHZ) 6 217.7, 171.3,80.57, 73.5, 73.1, 63.0, 53.4, 26.8.41.2, 32.1, 28.1. 
28.0, 26.0, 25.9, 23.1, 19.8, 18.1 (overlapping), 15.3, -4.0, -4.3 (overlapping), -1.8. 

35 Beta isomer: ,R (film,: 3442, 2657, 1732, 1700, 1472, 1368, 1255 cm-; 'H NMR ICDO* 
400 MHz) 8 4.45 ,1 H, U - 5.3 Hz), 3.86 ,1 H, m). 3.52 12 H, q, , - 5.9 Hz), 3.01 ,1 H 
m), 2.28 ,1 H, dd, , - 4.3, 1 7.1 Hz), 2.1 6 (1 H, dd, / - 5.5, 1 7.1 Hz), 1 .67 ,1 H, ., I - 5.6 



-50- 



u , Hill H m) 1 37(9 H,s),1.M OH, m), 1.13 OH, S ), 0.97(3 H.dJ- 
HZ> ' 1 *. « 3 H » 0 7 .9 H, s), 0.0, ,3 H, * 0.00 ,6 H, * ^.07 ,3 H, * 

28.1. 28.0, 26.0, 25.9, 21.5, 19.5, 18.2, 18.1, 15.8. -4.0. -4.3, -M. -4.7. 

DIMPLE 49. 

5 .u^ m i77mi J50 mmo!) was added to a mixture of oxalyl 

AldrfiydeiormatiDn: DMSO (0.1 77 mL, 2.5U mmo./ 

^ n - rw n (15 mU at -78°C. After 10 min, the alcohol (0.53r 

rhloride (0 1 1 mL, 1 .25 mmol) in CH 2 C1 2 (1 5 mu ai 

chlonde (0.1 ' fter 2Q min< TEA ( o.697 mL, 5.00 mmol) was 

e 0 96 mmo ) was added in CH 2 CI 2 (4 mu. /vie 

g '°- yb JU . otnrt -The reaction was then poured into H z O (50 

added to the reaction followed by warming tort. The reactio 

10 mU and extracted with Et 2 G (3 x 50 mL, The organics were washed once with H 2 0 (30 mL), 
Ice l orine (30 mU and dried over anhydrous MgSO,. The aldehyde was used ,n crude 



form. 

EXAMPLE 50. 



wsuMaiisi ^ B: . Na HMDS,,0Mso,n i nTHF.l.MmU1.5 • 

THF (20 mU a« 0-C. After , h, the code aldhyde (0.96 mmol) was added ,n THF (5 ml). 
2 I" - 0-C, H,0 (0, mU was added and me - P«- - = »^ 
This was filtered through a ph. of slllc, gel **• wfth hexanes/E. O (9 . 50 mU. The 
crud e olefin 9D was former purified by M chromatography on slice gel elutmg w,th e h I 
. , „ ,,, , t0 .ive o 437 g (83% (or two steps) of the olefin 9D as a clear o,l. IR 
20 Z7£Z 16 4^2 ,368 1,55. 1156cm-r ; »H NMR (CDCIj, 400 MHz) 6 
^(l ^ 

2 38 1 H dd , - 7.9. ,7.2 Hz). 2,2 (1 H. *W - 6.6, 17.2 HA 2.04 ,2 H, 0. / - « HA 

25 Hz), 0.8S ,9 H, s, 0.83 (9 H. s), 0.07 (3 H. s, 0.00 ,6 H, s, 

,00 MHz, 6 2,7.5, ,72,, ,37.9. ,,4.0. 80.4. 74.0. 73.0. 53.0. 46.9, 41.3 35.1. 29.0. 
28 1 26.0, 25.9, 22.8, 20.2, 1 8.2 (overlapping). ,4.9. -4.1,-4.2, -4.3, -1.8. 

prAMPl E 51 

T8S ester 10D: Theolefln 9D ,0.420 g, 0.76 mmo„ was dissolved In CHfl, 
30 decisively with 2,6-lu,,d,ne ,,33 m L . l,.4mmo» and T6SOT„,.32 ml, 5. 3 

lot After 7 h, L reaction was poured ,n,o Et.0 ,100 mU and washed successwely w* 
I ™ mU, brine ,20 mU and dried over anhydrous MgSO.. The residue was punfted 

Lm (20,) ,o give *e TBS este, 10D as a dear oi,. The purincatton must be done ,u ddy 

35 HydU.^eslM- «** ™™™™™Z™» 

NMR (CDCI,, 400 MHz) 6 5.73 „ H, m), 4.9, ,2 H, m), 4.25 (1 H, dd, , - 3* 3 A * » 
Z . J - 6.8 HA 5.06 ,1 H, m, 2.50 «, H, dd. / - 3.7, 17.3 HA 2,9 ,, H, dd, , - 5.7, 
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,7 3 Hz, 2 04 a H dd.J - «. 1" « ' « " * * , - 36 ° * ^ ° * * l"" 
H T a n" 088 H, * 0.85 ,9 H. s, 0.8, ,9 H. s, 0.22 ,3 H, 4 0.22 ,3 H. s,. 0.21 

,8.2. 18.1. 1 7.5, 14.9. -2.9, -4.0, -4.2, -4.3, -1.8, -1.9. 

PIAMPIES2 

haMsm ^ The .»» acid , 3D was purtfed by M. chroma^y on socage, 

1 8 w*. to* acetate (2=1. to ren,ove unreached viny, iodide 12D ta. *. 
^2 Id ,3D. isolated yield o. *. ecid was 0.292 . <62* based on 90* ponly wrlh 
borane residues). 

EVAMPLE 53 

* a * m «rv The acetate 13D (0.220 g, 0.257 mmol) was dissolved in 
]jb ^o ^,of a ret a teaad J3n. The acetate I 

Me OH/HO(2-1 1 5 mL) and K 2 C0 3 (0-300 g) was added. After 3 h, the react,on 
MeOH/H 2 0 (2.1, is m i hydroxy-acid 14D was 

with sat*H,CI (20 mL) and extracted w.th CHCI 3 (5 20 m y 

Kv, silica eel eluting with hexanes/ethyl acetate (4.1 
purified by flash chromatography on silica gei eim. g 

ive 0,4 6 <70X, o, .be pure byd,o*y acid ,4D. * «* 35,0-2400 12U , 147 . 
125,,0,3 OT VH^^ 

1 ; 6 2 ,6 4 HZ, 2.02,2 H, re,, 2.02 ,3 H, s, ,33 ,4 H, ,3 H. s, 1.14 (3 H s, 

* U C NMR (CDCt), 100 MHz, 6 2,7.8, ,76.6, ,64.9, ,52.5, ,4,.7. ,32.9, ,25.0, ,,9 0 
Us',n,. 73.3. 53.4. 47.0. 40,, 35.8, 33.2. 29.8, 27.4, 26.0, 25.9, 24.5. ,9.0. ,8.1, ,5.2. 
14.3,-4.0,-4.2,-4.2,-4.7. 

PYAMPLE 54 

, * • a t5nn. DCC (0 1 50 g 0.725 mmol), 4-DMAP (0.078 g, 0.64 mmol) and 4- 
^rr^o" ro„wered i sso,ved i eCHCI, l 80 mU a,80.C. Tolhis 

, .d^.O.OIO^CHCMIOmUever.b. ^^^^cZ 
o, ft. condenser ,0 ensure proper addition. After 20 b, tbe reacon was coded o 50 C 
ACOH ,0.046 ml, 0.8,2 n, m o„ was edded. After 2 b, .be reecon wes cooied loft a^d 
washed with sa, NaHCO, ,30 ,U brine ,30 mU and dried over enhydrous H^The 
tacone ,50 was purged by ftesb chromatography on since 

S acetate ,20t, -15:1, .0 8 ,ve 0.0,4 g ,75*,: « «* 2929, 1 ,169 . » » » ■ 
tHNM R( CDC,„400MHz, 6 6.95,, H, a,, 6.55,1 **™°*'*%°™" 2 
„ H d J - 9.8 Hz,, 4, 7 (, H. d. J - 8.3 Hz,. 4.07 ,1 H, U - 2.2 Hz,. 3.02 ,1 H, ,, / 
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HZ,. 2.77(1 H, m), 2.70 (3 H, s), 2.64 (2 H.Tn), 2.29 (1 H, m ,.2,5„ H 212<3H 
,.,2,1 H, « 1.71 «- H. m) . 1.44,2 H. m ». 1.260 H.n,,. 1,7(3 H.s,. 1.12 K,*U.P 
H d / - 7.0 HZ), 0.9, (9 H. s), 0.85 (9 H, s,, 0.09 (3 H, „, 0.06 (6 H. s>. -0.04 (3 H. s); C 
NMR COO, 100 MHZ, 6 .13.2. 171.9. 164,, 152,, 136.0. 133.5, 
79.4, 76.2, 72.5, 53.5, 47.4. 39.9, 34.5. 31.9, 31.5, 30.2. 27.7,26.1, 25.9, 24.1, 23.8. 23.1, 
22.6, 19.2, 18.5, 18.2, 16.3. 14.9, 14.1, -3.7, -4.2, -4.7, -5.2. 

pflMPIF55 

P ^^^AnW To the lactone ISO (0.038 * 0.056 - , In THF (2* 
mU was added HF-pyridine (1 .0 mL). After 2 h, the reaction was poured .nto sat NaHCO, (30 
mU and extracted withCHCI, (5 x 20 mL). The organic* were dried over Na 2 SO, The crude 
diol 16D was purified by flash chromatography on silica gel e.uting with hexanes/ethyl 
acetate (3:1 - 2:1) to give.0.023 g (89%): IR (film): 3501, 2933, 1734, 1684, 1290, 1248, 
10 45 cm- 'H NMR (CDCI V 400 MHz) 6 6.95 (1 H. s), 6.59 (1 H, s), 5.40 (2 H, m), 5.23 (1 
H dd 7-1-4, 9.5 Hz), 4.38 (1 H, bdj - 1 1 .1 Hz), 3.78 (1 H, U - 6-9 Hz), 3.59 (1 H, bs), 
3.47(1 H,s),2.99(1 H, q, / - 7.0 Hz), 2.68 (3 H, sj, 2.66 (1 H, m), 2.46 (1 H, dd J - 11.4 
14 4 Hz), 2.26 (1 H, dd, , - 2.2, 14.4 Hz). 2.22 (1 H, m), 2.06 (3 H, s), 1.96 (1 H, m), 1.49 (3 
H, m), 1.35 (3 H, m), 1.30 (3 H, s), 1.15 (3 H, d,/ - 6.9 Hz), 1.06 (3 H, s) ; «C NMR 
(CDC, 100MHz) 6 221.5, 170.3, 165.1, 151.8, 139.1, 132.8, 125.2, 119.1, 115.5, 78.4, 
72.5, 70.8, 53.8, 42.7, 39.6, 32.3, 31.8, 28.3, 26.8, 24.8, 23.1, 19.0, 17.2, 16.0, 11.1. 

FYAMPLE 56 

Ep^H. Nation: Diol 16D (0.008 g, 0.017 mmol) was dissolved in CH 2 CI 2 (1.0 mL) and 
cooled to -60°C. Dimethyldioxirane (0.06 M, 0.570 mL, 0.0034 mmol) was then slowly 
• added. The reaction temperature was slowly warmed to -25-G After 2 h at -25°C, the 
volati.es were removed from the reaction at -25°C under vacuum. The resulting residue was 
2 5 purified by flash chromatography on silica ge. e.uting with MeOH in CH 2 CI 2 (1 % - 2%) to 
give a 1 .6:1 mixture of as -epoxides 3D and the diastereomeric cis-epoxide (0.0058 g, 74%). 
The diastereomeric epoxides were separated by preparative-TLC e.uting with hexanes/ethy. 
acetate (1 :1) after 3 elutions to give pure diastereomers: 

Beta epoxide 3D: IR (film): 3458, 2928, 1737, 1685, 1456, 1261, 1150, 1043, 1014 cm' ; 
30 'H NMR (CD A. 500 MHz) 6 7.01 (1 H, s), 6.56 (1 H, s), 5.35 (1 H, dd, , - 2.3, 9.6 Hz) 

4 30 (1 H, dd, J - 3.0, 5.7 Hz), 3.85 (1 H, m), 3.81 (1 H, d J - 5.7 Hz), 3.42 (1 H, d, / - 2.0 
Hz), 3.03 (1 H, q, / - 6.8 Hz), 2.97 (1 H, m), 2.88 (1 H, m), 2.67 (3 H, s), 2.46 (1 H, dd, / - 
9.0, 14.5 Hz), 2.33 (1 H, dd, , - 2.6, 14.5 Hz), 2,3 (1 H, dt, , - 3.0, 15.0 Hz), 2.08 (3 H, s^ 
1.82 (1 H, m), 1.52 (6 H, m), 1.41 (1 H, m), 1.33 (3 H, s), 1.21 (4 H, m), 1.12 (3 H, d, , - 7.0 
35 Hz) 1.06(3H,s); - C NMR (CD 2 C. 2 , 125 MHz) 5 221.9,170.6, 165.6, 152.2,138.3, 
120.2, 116.6, 77.3, 73.4, 69.9, 57.7, 55.3, 43.7, 39.7, 32.6, 32.0, 29.8, 27.2, 25.7, 24.7, 
22.5,19.2,19.0,15.6,15.6,11.5; 
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15.7,11.5. 
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aa , „ t7 HUB 15 74 13.28; MS e/m 536.2, calc 535.29. 
22.89, 18.92, 17.67, 15.98, is./ 1 *, 

■ , H kj MR ( CD CU 400 MHz) d 6.97 (1 H, s), 6.63 (1 H, s), 

m^jn^sonmun^ h nmr (CDCi 3 , Hz) 4 . 05 (2 

22.86,18.74,17.20,16.17,15.63,13.41. 
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Pi«;russion 

acvl side of the macros, and carbons trough ,5on*e Ms.de. 



Thus, *. epproach uten dea,s w„h the - each se g ™, ind.v.duaHy. 



Transmitting stere 
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. pot this strategy required knowledge of both the relative and absolute 
acyl segment, this strategy requ seeme nt two possibilities 

e.nerge. In one stance. the CMOS epox ^ ^ ^ 

mer8er wim *. acy. re,a,ed subaruOure. I «*-«-.. ^ ^ 

acceptable stereocontrol after closure of the macrocycle. syn 

Hlgthe ,N decoupling partner embodying «he absolu,. end relate 

» carbons 15, 13 and ,2, which diners Wthe al,erna«,ve approach set 

" W0W - ,n considering *. union o, the aM and a., domain,, several ^ 
connection snes were available. At some poin, an acylabon would be re,uued ,o esabhsh 
el ,o, lacone, bond (see boid arrow 2, furthermore, an aldo, «» 
1. , hlon a C2-C3 connection. Determining the exact timing of <h,s aldol step 

, pLe it for acylation of me CI 5 hydroxy!. Unexpectedly, it was d.scovered .ha, .he 

I c olide coul Cosed bv an unpreceden,ed ma—boa ^ap^s -e 

o, . k e,o aldehyde mecroaldolizetion, see: CM. Hayward, e. a,., /. Am. Chen, So,. M 

MS 9345.1 This option is implied bybold arrow 3 in Figure 1(A). 

Thefi.tstagemergerofm.acyUnda.kylfragmenMseeboldarrowl, 

5 posed a difficult synthetic hurdle. I. is recognized in the art (P. Bertinato, eta/.. /. Org 
Wish bond formation between carbons 9 and ,0 or between carbons 10 and , 

arose from unanticipated dimcuities in fashioning ecyl and a,kyl reecun<s w,h *e 
, o p ;opria.e compiemen^ fo, merge, aces either of these bond, - m,,a m - 
ollcerbonsll and 1 2 was examined. This approach dictated deleoon o. the 

,. , ,• „„ am « After testing several permutations, generahzed 
linkage from the O-alkyl coupl.ng partner. Alter testing 

sterns 5 end 6 were examined to enter the firs, s,age couplmg reaCro . Th ormer 
1 ,o be derived from intermedia* 4. A de novo syndesis of a usable subs,ra,e 

future C-7 alcohol fsee compound T> was followed by cleavage o, me benzyl e,her and 
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,n oroceeded through end ether 9 (mixture of E and Z geometncal taomers). F.na Hy. ** 

♦ ,1 r «;tork- K Zhao, Tetrahedron Lett. 1989, 3U, /e/. 

a ■ itc TUP derivative 1 3, to alcohol 14. After cleavage of 
dycidol 12 which was converted, via its THP der.vat.ye , 

8 «k. militant alcohol was smoothly converted to the 

the tetrahydropyran blocking group, the resultant aicono.w 

314- N Miyaura and A. Suzuki, Chem. Rev., 1995, 95, 245/. 

^croslupled to iodoolenn „, under *= condition* indicated. ,o g,ve20 ,n 7, * 
yield. (Figure 4<B» Upon cleavage of the aceUl, aldehyde 21 we, ,n hand. 

The availability of 2, permitted exploration of the strategy ,nwh,dt the methyl 
, erouo of me C-1 bound acetoxy function would setve a S the nucleophilic component ma 

L!l zation a C M. Hayward « a/.. arpra. Depro,onaV,on was thereby accompltshed 
m ,croaldol.rat,on. Cf. CM. y» UMXpec ttdly. these conditions give 

with potassium hexamethyldisilaz.de in THF at -78 C. unexpe y, 
2 , a highly stereoselective macroaldoliaation, resuming in the formanon of the W » 
,cohol 22 as shown. The heavy preponderance o, 22 was favored when „s pre rso 
S X-a^o.a.e.duenchedetce.O^C. When the eldolete was p,o,ona«d a ower 

L , ,.u n (Rl compound were detected. In fact, under some 

50 ivkorftw elective removal of the triphenylsily. 

ni\ was feasible This objective was accomplished by selective remo 

0( ,he C-5 alcohol, and. finally. Huorideinduced cleavage of .he two silyl enters. 

Examination of a mode, made possible by the published crystal structure o, 
3 5 epothilone (Hon. * a,., supra,, suggested una. the oxirane is disposed on .the convex 

I Lditions shown. The major product of mU reaction wa, ,-,epoth,,one A „», the ty 
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• r j mac c «ectral optical rotation and chromotaraphic 
«f which was established by nmr, infrared, mass spectral, opi 

of which was esra H , fleeta / supra. In addition to epoth.lone A (1), 

comparisons with authentic matenal. Hofle et a/., supr „ £ ri7-C.3 
companso diastereomenc as C1 2-C1 3 

small amounts of a diepoxide m.xture, as well as trace 

„ epothilone A. Mo. impodantfy, i. provides routes .0 confers, argues and denies 
not available from the natural product itself. 

tdanSSS£E2Dl ^^^^!^^^^^^^^^re equivalent of the alkoxy segment 

■ . The key principle involves transference of 

prospect invention provides a synthesis ot 

stereochemical^ committed substruOures. The present ^ 
compound 4A (Figure 14,. expecting .ha,, in principle, such a structure 
me epothilones themselves, end to -elated screening candidates. 

The identification of compound 4A as a synthetic intermediate served as an 

with the control of stereochemisby in acyclic intermediates. The synthesis of diny py 
« Tjously disclosed trough what amount to overall condensation of ...by 
activedienesandaldehydichetesodienoph^^^^^ 
n 5, High margin, of steroseledvity can be realized in assembling <cf. 5A ♦ 6A 7A, 
™,d es (Figure ,3, Moreover, me hydropyran platforms service various stereospecrfic 

t erm (ism 7A - 8A). Furthermore. ,he produds o, these reactions ate amenable 
reactions (see formalism /a o/v. defined 
,0 ring opening schemes, resulting in me exptession o, 

stereochemical relationships (cf. *A - Ml. Danishefsky. S. ). Detracts W 2 

Thepresentinventionprovidesmeapplicationofhvosuchroutesforthe 

, naa Route 1 which does not perse involve control of the issue of 

synthesis of compound 4A. Route l.wnicn ..,,.„, ,.-„ a etal I 

Isolute configuration, cornrner.es with the known aldehyde 10A. Shafiee, A., a/.. . 
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know, diene OmM*. SJ.. Kitahara, / ^ 

catalysis. fedlo ««* dihydropyrooe 13A. Keducl 700 2226. At this point it 

prided compound MA. Luche ^<££ £ ,„ ^ „ 

Danishefsky, SJ. 4518 Thus , carbino, 14A was suoieoed to 

1. j teff 1990 31 6403)10 provide acetate 15A in addition to the 
S.-H, et al. Tetrahedron left, 1990, 31, 640 P ^ ^ 

refaled free glycal ^ ^^ ^ reaction type previous, 

demonstratedbylhepresennnventors. "coon rf an 

<DanishefsW.S, : Bi,odea^T^ 

sodium meapenodate gave had „ ice|y $uMvet) . (Fo , a re view of 

allyla.ions,see:Yam a moto,Y.,Asao.N. Mesylation ol the secondary 

3ccompanied by * and s,ereoisomer , M gave 

alcohol, followed by deprotechon (see 19A 20A) cy 

" mis synthesis, oniy abou, half o, ,he dihydropyrone was secured mrough the 
7 ,• While in theory, several of the syn.he.ic stratagems cons.dered 
process of kinetic resoluhon. Wh„e, *«y. ^ ^ 

, comemplate use o, each enanoomer of ISA .0 «* * 

.ought to allow fo, full enantiomeric convergence. The log.c ol 

, ,0 rk* m 1980 45 3846) with the indicated d.ene, under ostens.D.e 
0 C.H.. et a,., /. Or, *em mo 45 ^ ^ ^ ^ ^ ^ ^ 

chelation contro , afford 22A ^ _ ^ ^ ^ ((or 

example, see: Lytfigoe, B., e. al Te Oem, 1986, 51, 3098) of 25A 

p ,ocedured e scribedinToh,supra)asshown,nF,|ure15g 

Lhyl^chioromelhylmiazole fsee Marzoni. C. ,. HeterocyCc Chem.. 1986, 23, 577., 
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straightforward protecting group adjustment then afforded the previously encountered 17A. 
This route illustrates the concept of stereochemical imprinting through a carbon center wh.ch 
eventually emerges in planar form after conferring enantioselection to subsequently derived 
stereocenters. The use of the dihydropyrone based logic for securing the stereochemical 
elements of the epothilbnes, as well as the identification of a possible strategy for 
macrocyclization will be described in the following section. 

c r .^c jn^rA a t EBgthilgpe ^rorontrpHwi 

g^embly afjhe Arv f ° T s - n indj&dsls for MwwyfllatlOT . 

Ring-forming olefin metathesis has been employed to construct 1 6-membered 
ring cPngeners re.ated to epothilone A. A stereospecif.c synthesis of the C3-C9 sector of the 
acyl fragment was achieved by exploiting a novel oxidative opening of a cyclopropanated ■ 
glycal. 

Disclosed in the previous section is a synthesis of the "alkoxy" segment of 
epothilone (1) (see compound 2B, Figure 7) encompassing carbons 10 to 21 . In this section 
the synthesis of another fragment encoding the stereochemical information of acyl sect,on 
carbons 3 to 9. It was envisioned that the aldehydo center (Q of the formal target 3B would 
serve as an attachment site to a nucleophilic construct derived from compound 2B (requmng 
placement of a 2 carbon insert, as suggested in Figure 7), through either inter- or 
intramolecular means. In such a context, it would be necessary to deal independently w,th 
the stereochemistry of the secondary alcohol center eventually required at C 3 . One of the 
interesting features of system 3B is the presence of geminal methyl groups at carbon 4 
(epothilone numbering). Again, use is made of a dihydropyran strategy to assemble a cycl.c 
matrix corresponding, after appropriate disassembly, to a viable equivalent of system 3B. The 

2 5 expectation was to enlarge upon the dihydropyran paradigm to include the synthesis of gem- 

dimethyl containing cyclic and acyclic fragments. The particular reaction type for th« 
purpose is generalized under the heading of transformation of 4B - 5B (see Figure 7). 
Commitment as to the nature of the electrophi.e E is avoided. Accordingly, the quest.on 
whether a reduction would or would not be necessary in going from structure type 5 B to 

3 0 reach the intended generalized target 3B is not addressed. 

The opening step consisted of a stereochemical^ tuneable version of the d.ene- 
aldehyde cyclocondensation reaction (Figure 8; Danishefsky, S.j., AMridUmk* Acta, 1986, 
,9, 59), in this instance drawing upon chelation control in the merger of the readily ava.lable 
enantiomerically homogenous aldehyde 6B with the previously known diene 7B. 
3 5 Danishefsky, S.j., et a/., Am. Cftem. Soc. 1979, 101. 7001 . Indeed, as precedent would 

have it, under the influence of titanium tetrachloride there was produced substantially a smgle 
isomer shown as compound 8B. In the usual and stereochemical.y reliable way (Danishefsky, 
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S J Chemtracts Org. Chem. 1989, 2, 273), the dihydropyrone was reduced to the 
corresponding glycal, 9B. At this point, it was feasib.e to utilize a directed Simmons-Sm.th 
reaction for the conversion of glycal 9B to cyclopropane 10B. Winstein, S, Sonnenberg, J. /. 
Am. Chen, Soc, 1961, 83, 3235; Dauben, W.G, Berezin, C.H. Am. Chem. Soc., 1963, 
5 85, 468; Furukawa, J., et a/., Tetrahedron, 1968, 24, 53; For selected examples, see 

Soeckman, RX jr.: Charette, A.B.; Asberom, T, Johnston, B.H. Am. Chem. Soc., 1991, 7 73, 
5337; Timmers, CM, Leeuwenurgh, MA, Verheijen, J.C, Van der Mare., CA; Van Boom, 
■ , H Tetrahedron: Asymmetry, 1996, 7, 49. This compound is indeed an interesting structure 
in that it corresponds in one sense to a cydopropano version of a C-glycoside. At the same 
10 time, the cyclopropane is part of a cyclopropylcarbiny. alcohol system with attendant 

possibilities for rearrangement Wenkert, E., et a/., Ame, Chem. Soc., 1970, 92, 7428. It 
was intended to cleave the C-glycosidic bond of the cyclopropane in a fashion which would 
elaborate the gemina. methy. groups, resulting in a solvent^erived glycoside with the desired 
aldehyde oxidation state at C-3 (see hypothesized transformation 4B - 5B, Figure 7). In early 
15 efforts, the non-oxidative version of the projected reaction (i.e. E* - H*) could not be 
reduced to practice. Instead, products clearly attributable to the ring expanded system 11 
were identified. For example, exposure of 10B to acidic methanol gave rise to an ep.menc 
mixture of seven-membered mixed-acetals, presumably through the addition of methanol to 
oxocarbenium ion 11B. 

2 o However, the desired sense of cyclopropane opening, under the influence of the 

ring oxygen, was achieved by subjecting compound 1 0B to oxidative opening with N- 
iodosuccinimide. (For interesting HgdIHnduced solvolyses of cyclopropanes that are 
conceptually similar to the conversion of 10B to 1 2B, see: Collum, D.B, Still, W.C, 
Mohamadi, F. J. Amer. Chem. Soc., 1986, 108, 2094; Collum, D.B, Mohamadi, F, Hallock, 
25 j 5 • / Amer. Chem. Soc., 1983, 705, 6882. Following this precedent, a HgdIHnduced 

so.volysis of cyclopropane 10B was achieved, although this transformation proved to be less 
efficient than the reaction shown in Figure 8.) The intermediate iodomethyl compound, 
obtained as a methyl glycoside 12B, when exposed to the action of trnvbutyltinhydride gave 
rise to pyran 13B containing the geminal methyl groups. Protection of this alcohol (see 13B - 
3 0 14B), followed by cleavage of the glycoside bond, revealed the acyclic dithiane derivatrve 
15B which can serve as a functional version of the hypothetical aldehyde 3B. 

Possible ways of combining fragments relating to 2B and 3B in a fashion to 
reach epothilone and congeners thereof were examined. In view of the studies of Schrock 
(Schrock, R.R., et a/., ;. Am. Chem. Soc., 1990, 172, 3875) and Grubbs (Schwab, P. et a/., 
35 Angew. Chem. Int Ed. Eng/., 1995, 34, 2039; Grubbs, R.H, Miller, Sj. Fu, G.C. Acc. Chem. 
Res 1995, 28, 446; Schmalz, H.-G., Angew. Chem. ,nt Ed. Eng/., 1995, 34, 1833) and the 
disclosure of Hoveyda (Houri, A.F., et a/., ). Am. Chem. Soc, 1995, 7 7 7, 2943), wherein a 
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complex lactam was constructed in a key intramolecular olefin macrocyc.ization step through 
a m0 .ybdenum mediated intramolecuar olefin in metathesis reaction (Schrock, supra; Schwab, 
supra), the possibility of realizing such an approach was considered. (For other examp.es of 
rln& dosing metathesis, see: Martin, S.F, Chen, H.-J, Courtney, A.K, Lia, Y, Patzel, M.; 
Ramser, M N, Wagman, AS. Tetrahedron, 1996, 52, 7251; Furstner, A, Langemann, K. 

Org. Chem., 1996, 61, 3942.) 

The matter was first examined with two model ^unsaturated acds 16B and 17B 
which were used to acylate alcohol 2B to provide esters 18B and 19B, respectively (see Figure 
9) These compounds did indeed undergo olefin metathesis macrocyclization in the des.red 
manner under the conditions shown. In the case of substrate 18B, compound set 20B was 
obtained as a mixture of E- and Z-stereoisomers tea. 1 :1]. Diimide reduction of 20B was then 
conducted to provide homogeneous 22B. The olefin methathesis reaction was also extended 
to compound 19B bearing geminal methyl groups corresponding to their placement at C4 of 
epothilone A. Olefin metathesis occurred, this time curiously producing olefin 21B as a single 
entity in 70% yield (stereochemisty tentatively assigned as Z.) Substantially identica. results 
were obtained through the use of Schrock's molybdenum a.kylidene metathesis catalyst. 

As described above, olefin metathesis is therefore amenable to the challenge of 
constructing the sixteen membered ring containing both the required epoxy and thiazo.yl 
functions of the target system. It is pointed out that no successful olefin metathesis reaction 
has yet been realized from seco-systems bearing a full comp.iment of functionality required to 
reach epothilone. These negative outcomes may merely reflect a failure to identify a suitable 
functional group constraint pattern appropriate for rnacrocylization. 

TK.Tnt,. Synthesis tilx MxZ E EsfeOSiSD Sid* Suzuki rnnplin. Method 

The present invention provides the first total synthesis of epoth.lone A (1). D. 
Meng, et a/., /. Org. Chem, 1996, 61, 7998 P. Bertinato, et a/., /. Org. Chem, 1996, 61, 
8000. A. Balog, et a/., Angew. Chem. Int Ed. Engl, 1996, 35, 2801. D. Meng, et a/., J. 
Amer. Chem. Soc, 1997, 1 19, 10073. (For a subsequent total synthesis of epoth.lone A, see: 
Z Yang, et a/., Angew. Chem. Int Ed. Engl., 1997, 36, 1 66.) This synthesis proceeds through 
the Z-desoxy compound (23) which underwent highly stereoselective epoxidation with 2,2- 
dimethyldioxirane under carefully defined conditions to yield the desired (Epoxide. The 
same myxobacterium of the genus Sorang/um which produces 23 also produces epoth.lone B 
(2) The latter is a more potent agent than 23, both in antifungal screens and in 
cytotoxicity/cell nucleus disintegration assays. G. Hofle, eta/., Angew. Chem. Int Ed. Engl. 
3 5 1996 35 1 567; D.M. Bollag, et a/.. Cancer Res. 1995, 55, 2325. 

An initial goal structure was desoxyepothilone B (2Q or a suitable derivative 
thereof. Access to such a compound would enable the study of the regio- and 
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i!S ue was the maher o, syndresizing oleOnic precursors of 2C «* h gh 

A*«w. Ctaa M Ed. ML. "96, 35. 2801, emptoyed a pdU«HmM W 5-*, 
couplmgfN Miy.-»,«al.,Mm.a. OT .Soc19«..»..314. (For a review, see: N. 

K wL. On Kev. 1995. *. - - ™* iodide ,. (Fig. « «* 

A preliminary approach was ,o apply ft. same line of fti«ng .0 reach a Z«n- 
^ olefin (Fig. - » en ro*e ,o 2C. Two issues had ,o be addressed Firs, . wo, * * 
necessary ,0 devise a meftcd ,o prepare viny, Wide SC, fte «ri*ubs,„u,ed analog of 19. f 
l^oaUould be accomplished, a question remained as fo me feasibilify o, conducing d* 

B-.IM Sua- coupling reaction ,o reach a Z-U^ed olefin. The reason o, 
!u ch a Wotma,ion with a "B-alkyl" (as opposed «o a •B-alkany,- •»-"«- fte » 

mo ,ecu,a, level, and who. me vinyl iodide is no, o, me p-iodoenoa,e for p.— nre, 
wesno.precedenred.fForsomedoseanalogieswhichdifferinimpo^rdera.lsfrom.he 

a,„ Tetrehedron tea., 1995. 36. 6101; C.R. Johnson. M.P. Braun, /. Am. Chem. Soc 1993, 

" 5 ' ' ,0 ' 4 ' > The syndesis of compound 8C is presented in Figure 16 . The route started with 
.0 olefin 10C which was prepared by catalytic asymmetric allylation o, 9C «£. ** « aU_ 
Am Chem. Soc. 1993. ,15, 8462, followed by aeration. Selective d,hydro*yla„o o, 

ft. ,a«er reacted wim phosphorane 12C 0. Chen, er ef., Tetrahedron Let... 1994 35, 2» 
afford fte Z-iodide 8C albei, in modes, overall yieid. Borane 7C was general from 1 as 
25 nescribed herein. The coupling of compound 7C and iodide 8C (F i, ,6, could be conduced 

to produce the pure Z-olefin 1 3C. 

With compound 13C in hend, protocols similar ,o ftose employed ,n 
connecion with me synthesis of 23 could be used. (A. Balog. e, a/.. Angew. Chem. fnt U. 
„g, 1996, 35, 2801,. Thus, cleavage o, me ace,a, linage led io aldehyde UC w ,ch was 
30 now'subieced ,o mac,oa,do,iaa,ion (Figure ,„. The highest yields were obtained by cany,ng 
ou.fter^onundercondi.ions which 

3* isomer was converted ,0 the required 35 epimer via reduction of • der»ed CM- <- 
compound 15Q. The kinetically controlled aldol condensation leading to the nature 
conjuration as discribed in the epoftilone A series was accomplished. However, the overall 

35 yield fo, reaching me 35 epimer is betterusing this protocol. Cleavage of , he C-5 

Lphenyi S ily,e,herw,,o,,owed S e q uen,ia,,Wmonopro,ec,ion ( ,-buty,dime,hy,y,,o,,he 

C3 hydroxy!, oxida,ion a, C5 (see compound 16Q. and. finally, cleavage of the stlyl 
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c .vnose the C3 and C7 alcohols (see compound 2Q. 

^ regie- and stereoselective epoxidation under the conditions indeed (alfrough 

substantially s ^ epoxidation of 2C appears to be more rapid and 

precise comparisons are not ava.lawe, me epo 

5 egiose,ec*ve than is ft. case wirh » <A. Balog. e, a,.. ^ . 0» 

„ 280!,. » afford epomiione B ,2, identica, with an aufrenhc sampie H NMK, ma s ^ 
I Accordingly. *e present invention disicoses the first to* synthesis of epom, one B 

*£*Ld viny, iodide BC. me palladium-mediated ~^<»^ 

. 7 , a „ d 6C to p.od^ce compound 13C (a virtually unprecedented reaction ,n this 
10 compounds 7C and 8C to produc ,w,a to undergo regie- and stereoselective 

form), and the amenability of Z-desoxyepothilone B OQ to undergo reg 

epoxidation under appropriate conditions. 

Ange W .Chem,.nt£d.£ng;. 1 M7,36,16B.N,colaou,KX.,e,af,Ange*C , 

J, ,997 36 525; Schinzer, D„ « a/., Angew. Chem, M. fit Engl. 1997, 36, 523 Su 

20 ^tes cU mimics « o, Taxof, Hbfle, C, er a, H. Anger. Chem mC « 

L ,996 35 1567. Although Taxol~(pacli.axel) is a clinically proven drug. , B 

(MDR) phenotype. Hence, any novel agen, that has the same mechanism of achon as t o, 
IIL the prelpec, of having superior therapeutic activity warren, serious shady. BoHag. D. 

25 M eta/., Cancer Res. 1995,55,2325. 

^epresentinventionprovidesepothiloneanaiogs.hataremoreenec.iveand 

more readily synthesized than epothilone A or B. The syntheses of the natural produces 

[mounts for ful, development. One particular area where a structure change cou d bnn 
' . , ••• ,„fth.<vnthesis would be in the deletion of the C8 

30 significant relief from the complexities of the synthesis wo 

methyl group from the propionate domain (see target system 3D,. The need to 
Z C8 chira' center complicates a„ o, the syntheses o, epothilone disclosed thus fan 
Deletion of the C8 methy, group prompt a maior change in » } . 

earlier diene-aldehyde cyciocondensation route. Danishes. S. J. 
35 Meng.D.,e,a,, , Org. Chem. 19,6, 6,, 7998; Bertinato. P.. eta,. Org. Chem. ,996, , 

As shown in Fig. 20, asymmetric crotyla.ion 07% ee, o, 4D (Brown, H. C, 
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Bha, K S J Am. Chen, Soc .986. .05. 59.9). followed b, protection led ,o TBS efte, SD. 

d ianion ded-d ftom ** —W— » ■«* ^ *° 
compound (not shown) is ca"10;1, 1*.*. Weiler-type ^ , en, nchern,^ 
LI L . Am. Cnen, Soc. ,970, 92, 6702, Weiler, I, Hudcin. 5. N. ,. Am. Chem. Soc. 
1 6 082, can be conduced in ft. context o. fte IsobutyM group suggested severe, 

j » n a eta/ /. Org. Cnem. 199 1, ^o, /*»•/,. 

7D following literature precedents (Evans, D. A., er a/., ,.5 

ZZ by selective Ration of fte C, hydroxy, geve a SO* yield o, e ,0 re o of fte 
I iredd < 5 eecompoundSD„oC ! .isomer<no,shown, Reduction w,ft -hum 
Ihydrii enomed . » ,1 mixture o. C, epimers. The cerbinol, produced upon 
dlnUon was oxidized to en aldehyde which, following methylene,™ through a s.mple 

10 D which was used dimctly in fte Suzuki coupiing with fte vrnyl ,od,de 12D. 

The hydrobocation of 10D wift 9-BBN produced intermediate 1,0 whrf, on 
coupling wift fte viny, iodide 12D and in situ cleavage oftheTBS ester led to 13D <F,g. 2„. 
After de-acetylation, fte hydroxy acid 14D was in hand. Macro.actomzatmn o ft s 
^pound fBoden, E. P, Keck. C. , ,. Or, Chem. 19.5. SO, 2394, ^ ~ 
after desilylation. afforded C^esmethyldesoxyepoftilone .160, Finally, epoxtd hon offt s 
"pi: wift dimeftyldioxitane produced the goa, structure 3D. The - 
epoxidation was sumrisingly poor (1 .S:„ given ftat epoxidation o, 
Icurred wift >20:1 stereoselective Deletion of the C. meftyl group appear to sh.ft the 
Zrmationa, disftibution o, ISO ,0 forms in which fte epoxidation by dimethyl d,ox„an« 
„ less ^selective. Lis undetermined whether the effect of the C. methyl on the 
Inactivity of ep.xida.ion by dimethydioxitane and fte dramatic reduction of b,o,og,ca, 



25 

activity are related 



30 



35 



activity are related. , 
Compounds 3D and 160 were tested for cytotoxicity in cell cultures and 

assembly of tubulin in fte absence of OTP. Microtubule protein (MTP, was purified from M ft 

1 W -o cycies of temperature dependent assembly and disassembly. We,senber, R.C. 

Lee' 972." 7. 1 ,04, in control assembly experiment, MTP „ mg,mU was d^ted m 

assembly buff* containing 0.1 M MES G^orpholino, eftanesu„on,c aod, mM ECTA, 

0 S mM MgCI,. ,mM CTP and 3M glycerol, pH 6.6. The concentration of tubu n ,„ MTP 

,5-C foe 40 min by following change, in turbidity as a measure of polymer mass. Gask,n, P., 
Cento, C.R., Shelanksl, M.L.J. Mo/. Bio,. 1974, 89, 737. Drugs were tested a, a 
concentration of ,0pM, in fte absence of CTP. Microtubule formation was venfied by 
elln microscopy. To determine fte stability of microtubules assembled in fte presence o, 
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CTP o, drug, turbidity wes followed for 40 min after the reecnon remperature was shifted ,o 

Cytotoxicity studies showed drastically reduced acftvity in the Wesmethyl 
series Compounds 30 end ,6D were epproximetely 200 times less active men the.r 
corresponding epothilone A counterperts (see Tebie ,). Receding earfer SAR findings a, both 
C, end Cs. in conjunction with the findings disclosed herein, the polypropionet* sector of the 
epothilone, emerges as e perdculerly sensitive locus of biological function. Su, D.-S., « el 
A „ g ew.a.em.lht£d. £ ng/. 1 997. 3 6,757;Men 6 ,D., « e/.J. Am. Chen, Soc .997, ,.9. 
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Table 1. Relative efficacy of epothilone compounds against drufsensitive and resistant 
human leukemic CCRF-CEM cell lines.* ■ — 



30 



16D 
3D 

epothilone A 
desoxyepothilone 

epothilone B 
desoxyepothilone B 
paclitaxel 



CCRF-CEM 

5.00 
0.439 
0.003 
0.022 . 
0.0004 
0.009 
0.002 



CCRF-CEM/VBl 
IC^O/M)" 

5.75 . 
2.47 
0.020 
0.012 
0.003 
0.017 
3.390 



CCRF-CEM/VM, 

I QnfrM) b 

6.29 
0.764 
0.003 
0.013 
0.002 
0.014 
0.002 



PaClitaXe 'e ; t ^ntonnndc were determined by'the g rowth of human lymphoblastic 

.The ^^^SiT^S^^^ to Jnb.asL and taxol (CCRF-CEM/VBL) 
ortZ^Z^^^ XTT-microcu.turetetrazo.iura/formazan assays 

;he e rc 5 e 0 d va.ues were ca.cu.ated from 5-6 concentrations based on the median-effect plot 
using computer software. 

pjnlr-» P iral Results 

,n the tab.es which follow, model system I is desoxyepothilone. Model system^ has the 



structure: 
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u * T hie 2 CCRF-CEM is the parent cell line. CCRF-CEMA/BL (MDR cel. line) is 
As shown ,n Table 2, CCtf -CEM ^ ^ ^ onIy , ^ resistant 

1143-fold resistant to taxol. CCRF-^tiwvivi u y 

to taxol. 

Cftr rrRF-CEM cells, the ordering is: 

ForCCRf-UiMce . a > > Triol Analog > > Model System I 

Taxol = Epothilone A > Desoxy Epoth.lone A > > 

For CCRF-CEMA/BL, the relative potency ordering is: 

. . cr»nthilone A> > Taxol > Triol Analog > Model System 
Desoxy Epothilone A s Epothilone ^ 

For CCRF-CEMA/M, the relative potency ordering is: 

For cua-uaw Fnf>thilone a > > Model System I >Triol Analog 

Taxol » Epothilone A > Desoxy Epothilone A > * 



It is concluded that 
compounds. 



CCRF-CEM/VM cells are collaterally sensitive to certain epothilone 
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Concerning Table 3, experiments were carried out using the cell lines DC-3F (parent hamster 
lung cells), DC-3F/ADII (moderate multidrug-resistant (MDR) cells) and DC-3F/ADX (very 
strong MDR cells). 

The relative potency of the compounds are as follows: 



DC-3F: 



Actinomycin D > Vinblastine ^Epothilone A (0.0036^M) > Desoxy 
epothilone > VP-1 6> Taxol (0.09mM) > Model system I and triol 
analog 

DC-3F/ADX: Desoxyepothilone * Epothilone A (0.06 „M) > Actinomycin D 

> Model system I > Vinblastine > triol analog > viablastine > taxol 
(32.0 /xM) 

DC-3F/ADX cells (8379-fold resistant to actinomycin D) are > 338 fold (ca. 8379 fold) 
resistant to Taxol, VP-1 6, Vinblastine and Actinomycin D but < 20 fold 
resistant to epothilone compounds. 



In general, these results are similar to those for CCRF-CEM 
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Drug A: EPOTHILONE B (#8) U/M) 
Drug B: TAXOL fc/M) 
Drug C: VINBLASTINE (j/M) 



Conditions: 



CCRF-CEM 3 DRUG COMBINATION, RATIO t*B:G 1:5:lh 
EPOTHILONE + TAXOL + VINBLASTINE; EXPOSURE TIME 72 



HRS-.XTT ASSAY. 
Combination Index* Values at: 



FD50 



ED75 



ED95 



A 
B 
C 

A+B , 

B + C 

A+C 

A+B + 
C 



1.51545 
1.43243 
.74395 
1.37365 



1.38631 
1.33032 
.68314 
1.32001 



1.27199 
1.23834 
.62734 
1.27285 



1.20162 
1.18091 
.59204 
1.24412 



Dm (IC S J UML 

-00061 

-00109 

-00061 

-00146 

.00138 

.00045 

.00122 



Parameters 

_m_ 

1.71561 
2.14723 
1.76186 
2.41547 
2.35755 
2.0098 
2.11202 



.98327 
.98845 
.9919 - 
.97168 
.95695 
.96232 
.93639 



VBL -* microtubule depolymerization 
Taxol - microtubule 

m 

polymerization Epo _ B _ microtubule 

?XoneB 0 and Taxol have a similar mechanism of action (po.ymerization) but Epothilone B 
synergizes VBL whereas Taxol antagonizes VBL Taxol + VBL - Antagonism 

EpoB + Taxol - Antagonism 
EpoB + VBL - Synergism 
EpoB + Taxol + VBL - Antagonism 
•Condon index veto <,. -1. and >1 indicate synergUn, additive effect and an,a 8 oni OT . 
respectively. 
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r-ut- c d^*u,~ nntpnm nf *r>othilone compounds Jn.vitro. ■ 


Compounds 


IC 50 in//M 






CCRF-CEM 


CCRF-CEM/VBL 


CCRF-CEM/VM-1 






0.012 


0.013 


Desoxy Epo. A 1 

2 
3 

4 

c 
J 

Trans- A 6 
7 


271.7 

2.119 
>20 

0.052 


6.28 
22.38 
43.01 
35.19 
0.035 
9.82 


43.93 
11.59 
? 76 
98.04 

o.m 

9.65 


Syn-Epo.-B 8 


**** 0.00082 


0.0029 


0.0044 


Natural B 9 


**** 0.00044 


0.0026 


0.0018 


Desoxy Epo. B 1 0 


*** 0.0095 


0.017 


0.014 


Trans. Epo. B 1 1 


* 0.090 


0.262 


0.094 


13 

8-desmethyl 

desoxy-Epo 14 

8-desmethyl 

Mix-cis Epo 1 5 

8-desmethyl 


0.794 
11.53 

0.96 
0.439 


>5 
5.63 

5.75 

5.95 

2A7 


>5 
14.46 

6.29 
0.7€A 


8-demethyl 
a-Epo 1 6 


7.47 


16.48 


0.976 


EPOTHILONE A 
(Natural) 


*** 0.0024 (0.0027 
0.0031 ±0.0003) 


0.0211 (0.020 
0.0189 ±0.001) 

(7.4X) 


0.006 1 (0.00613 
0.00625 J ±0.0001) 

(2.3X) 


EPOTHILONE B 
(Natural) 
EPOTHILONE B 
(Synthetic) 
EPOTHILONE B 
(Synthetic, larger 
quantity synthesis) 
1 (25.9mg) m 


»*** 0.00017 

i 

0.00055 
(0.00035 
± 0.0003) 

0.00033 


0.0017 (7.0X) 

0.0031 (0.00213 

±0.00055) 

0.0021 (6.1 X) . 


0.00077 

. ± 0.0003) 
0.0012 (3.6X) 
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ln summary, epothilones and taxol have similar modes of action by 
stabilizing polymerization of microtubules. However, epothilones and taxol have distinct . 

novel chemical structures. 

MDR cells are 1 500-fold more resistant to taxol (CCRF-CEMA/BL cells), 
epothilone A showed only 8-fold resistance and epothilone B showed only 5-fold resistance. 
For CCRF-CEM cells, Epo B is 6-fold more potent than Epo A and 1 0-fold more potent than 
Taxol. Desoxyepothilone B and compd #24 are only 3-tfold less potent than Taxol and 
compound #27 is > 2-fold more potent than Taxol. Finally, Taxol and vinblastine showed 
antagonism against CCRF-CEM tumor cells, whereas the combination of Epo B + vinblastine 
showed synergism. 

Relative Cytotoxicity of Epothilones against Human Leukemic Cells in Vitro is in the order as 
follows: 

rrgF-TFM Le i iWpmir Cells 

Epo B (IC 50 -0.00035mM; Rel. Value-1) > VBL(0.00063;1/1.8) > #27(0.001 0;1/2.9) > 
Taxol (0.0021; 1/6) > Epo A (0.0027; 1/7.7) > #24(0.0078; 1/22.3) > #10 (0.0095; 1/27.1) 
> #25 (0 021; 1/60) > #1 (0.022; 1/62.8) > #20 (0.030; 1/85.7) >#6 (0.052; 1/149) >#26 
0.055; 1/157) >#17 (0.090; 1/257) >VP-16 (0.29; 1/8.29) >#15 (0.44; 1/1257) >#19 (0.96; 
1/2943) 

rCRF-CEMA/RI MDR I pukemic Cells 

Epo B (0.0021; 1/6* [1]-) > #27 (0.0072; 1/20.6) > #1 (0.012; 1/34.3) > #10 (0.017; 
1/48.6) > Epo A (0.020; 1/57.1 [1/9.5]) > #6 (0.035) > #20 (0.049) > #24 (0.053) > #25 
(0.077) > #22 (0.146) > #26 (0.197) > #17 (0.254) >#11 (0.262) > VBL (0.332; 1/948.6 
[1/158.1]) >Taxol (4.14; 1/11828 [1/1971.4]) > VP-16 (10.33; 1/29514 [1/4919]) 
•Potency in parentheses is relative to Epo B in CCRF-CEM cells. 
"Potency in square brackets is relative to Epo B in CCRF-CEM/VBL MDR cells. 



As shown in Table 9, treatment of MX-1 xenograft-bearing nude mice with desoxyepothilone 
B (35mg/kg, 0/10 lethality), taxol (5mg/kg, 2/10 lethality; lOmg/kg, 2/6 lethality) and 
adriamycin (2mg/kg, 1/1 0 lethality; 3mg/kg, 4/6 lethality) every other day, i.p. beginning day 8 
for 5 doses resulted in a far better therapeutic effect for desoxyepothilone B at 35 mg/kg than 
for taxol at 5 mg/kg and adrimycin at 2mg/kg with tumor volume reduction of 98%, 53% and 
28%, respectively. For the desoxyepothilone B-treated group, 3 out of 10 mice were found 
with tumor non-detectable on day 18. (See Fig. 46) 
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1 8 every other day for 5 more doses resulted in 5 out of 10 mice with tumor disappearing on 
day 28 (or day 31). See Table 10. By contrast, the extended treatment with taxol at 5mg/kg for 
five more doses resulted in continued tumor growth at a moderate rate, and 2 out of 10 mice 
died of toxicity. 

Toxicity studies with daily i.p. doses of desoxyepothilone B (25mg/kg, a very 
effective therapeutic dose as indicated in earlier experiments) for 4 days to six mice resulted in 
no reduction in average body weight (Table 1 3; Fig. 47) By contrast, epothilone B (0.6mg/kg, 
i.p.) for 4 days to eight mice resulted in 33% reduction in average body weight; all eight mice 
died of toxicity between day 5 and day 7. 
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As evident from Table 1 5, desoxyepothilone B performs significantly better than taxol, 
vinblastine, adriamycin and camptothecin against MDR tumor xenografts (human mammary 
adeoncarcinoma MCF-7/Adr xenografts). This drug-resistant tumor grows very aggressively and ,s 
refractory to taxo. and adriamycin at half their letha. dose, Taxol at 6mg/kg i.p. Q2Dx5 reduced tumor 
size only 10% while adriamycin resulted in only a 22% reduction on day 17. Whereas, 
desoxyepothilone B at 35 mg/kg reduced tumor size by 66% on day 1 7 and yet showed no reduction ,n 
body weight or apparent toxicity. Even at the LD* dosage for taxol (1 2mg/kg) or adriamycin (3mg/kg), 
desoxyepothilone B still performed more effectively. By comparison, camptothecin at 1 .5 and 3.0 mg/kg 
reduced tumor size by 28% and 57%, respectively. Overall, in comparison with the four important 
anticancer drugs in current use, f.e., taxol, adriamycin, vinblastine and camptothecin, desoxyepothilone B 
showed superior chemotherapeutic effect against MDR xenografts. 
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